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ABSTRACT 
 
EVALUATING MELT ONSET DATE IN THE UNITED STATES USING REMOTELY 
SENSED PASSIVE MICROWAVE DERIVED BRIGHTNESS TEMPERATURE 
By  
Douglas J. Osborne  
University of New Hampshire, September, 2016 
 
The timing and magnitude of spring snowmelt events impact riverine flooding and inform 
reservoir operations. This study evaluates the ability of the Diurnal Amplitude Variation (DAV), 
Frequency Difference (FD) and Polarization Ratio (PR) melt onset detection algorithms to 
determine melt onset dates (MOD) in the mid-latitudes of the United States. The methods are 
evaluated using satellite remotely sensed passive microwave observations from the Advanced 
Microwave Scanning Radiometer – EOS (AMSR-E) sensor and compare against in situ snow 
measurements from 763 Snow Telemetry (SNOTEL) and Soil Climate Analysis Network 
(SCAN) stations. The DAV method performs best in Alaska, predicting the MOD with a mean 
absolute error of 9.4 days, while the Frequency Difference and Polarization Ratio methods 
produce mean absolute errors of 12.5 and 11.9 days, respectively. The DAV method also clearly 
produced the best results in Vermont, the FD method worked best in South Dakota and the PR 
method performed best in Arizona. None of the study’s methods are recommended for 
California, Minnesota, Oregon and Washington. The remaining states did not have an algorithm 
that worked notably better than the others and it was discovered that the methods do not work for 
a shallow snowpack. Tree cover was also found to have little effect on the performance of the 
melt onset detection methods for pixels having less than 50% tree cover.  
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 – INTRODUCTION 
Snowmelt is a major source of water for many northern and mountainous areas in the 
United States and across the world. Even areas that rarely see snowfall depend on snowmelt 
runoff to fill streams, reservoirs and aquifers. Barnett et al. (2005) estimate that more than one-
sixth of the world’s population rely on glaciers and seasonal snow packs for their water supply. 
The magnitude of melt water is the main concern, but the timing of the snowmelt is important. 
The melt onset timing controls the rate of spring flow, river break-up processes, and responses of 
numerous ecosystems to the spring transition (Ramage et al., 2006).  
It is challenging to determine the timing and rate of snowmelt. The best approach is to 
measure snow conditions on the ground. However, ground based measurements are infrequent 
and sparse, especially in remote and/or mountainous regions (Ramage et al., 2006). In the latter 
half of the 20th century, satellite observations of snow began to provide a more complete spatial 
and temporal coverage than was possible with ground stations (Clifford, 2010). The Advanced 
Microwave Scanning Radiometer - Earth Observing System (AMSR-E), instrument provides 
global, twice daily passive microwave brightness temperature (Tb), which can be used to observe 
snow. AMSR-E was launched on NASA's Aqua satellite in 2002 and ceased operations in 
December 2011. It provided a complete record of twice daily Tb observations for nine years. 
Studies have shown that Tb can be used to detect the date of melt onset in sparse regions of the 
Arctic (Tedesco et al., 2009), Alaska and Canada (Ramage & Isacks, 2002), Greenland (Tedesco, 
2007), Patagonia (Monahan & Ramage, 2010) and Antarctica (Tedesco et al., 2007). If these 
methods can be applied to the northern United States, then improved management of water 
resources during the spring snowmelt period may be possible.  
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Passive microwave radiometers measure the microwave radiation emitted from the 
Earth’s surface in terms of brightness temperature (DeWalle & Rango, 2011). This microwave 
radiation being emitted from the ground is scattered as it travels upwards through a snowpack, 
which results in the microwave emission at the top of the snowpack being less than that emitted 
from the ground (DeWalle & Rango, 2011). The physical characteristics of the snowpack 
determine how the microwave radiation is scattered and emitted from the snowpack. The passive 
microwave radiometers measure the spectral radiance (Lλ), or the amount of microwave energy 
naturally emitted by the Earth below (Ramage & Isacks, 2002). The Rayleigh-Jeans 
Approximation is valid for the microwave spectrum and allows the spectral radiance to be 
calculated as follows: 
!" = $ %&'(")       (1) 
where ε is emissivity, k is Planck’s constant, c is the speed of light, T is kinetic temperature, and 
λ is the wavelength. For a measured wavelength, Plank’s constant, the speed of light and the 
wavelength are all constants. When the equation is reorganized, the product of emissivity and 
temperature is found to be linearly related to the measured spectral radiance.  
$* = ")%&' !"      (2) 
The product of emissivity and kinetic temperature is referred to as the brightness temperature 
(Tb), which is the equivalent temperature of a theoretical black body emitting the measured 
radiation (Ramage & Isacks, 2002). Emissivity ranges between zero and one and can vary 
drastically between different surfaces, resulting in large differences in Tb. Figure 1-1 shows how 
emissivity varies for different surfaces and different microwave frequencies (Grody, 1988). The 
large difference in emissivity results in drastically different brightness temperatures between wet 
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and dry snow, even when the change in physical temperature is relatively small. The effect that a 
snow layer has on the microwave radiation makes it possible to use passive-microwave remote-
sensing techniques to derive information on snow extent, snow depth, snow water equivalent and 
snow state (wet/dry) (DeWalle & Rango, 2011). 
 
Figure 1-1 Emissivity as a function of frequency for different surfaces (Grody, 1988) 
Satellite remote sensing techniques provide the ability to derive large-scale snow 
measurements in order to compare large-scale patterns. Two major types of snow data derived 
from remote sensing are snow covered area (SCA) and snow water equivalent (SWE). SCA is 
detected using optical sensors at much higher spatial resolution than SWE. The satellite estimates 
of SCA using data from the Moderate Resolution Imaging Spectroradiometer (MODIS) were 
found to be very accurate (Gafurov & Bardossy, 2009). SWE can be derived using the difference 
in measured brightness temperature between two microwave frequency channels (Chang et al., 
1982). Using a frequency of 18-19 GHz, a snowpack is virtually transparent up to one meter and 
the emission from the Earth reaches the radiometer. At a second frequency of about 37 GHz, the 
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snow strongly scatters the emitted radiation and the brightness temperature is lower. The 
difference in the two measured brightness temperatures is assumed to be the presence of the 
snowpack and from this the SWE can be inferred (Clifford, 2010).  
A major advantage of remote sensing of snow is the ability to detect spatial-temporal 
patterns of snow across large areas in inaccessible terrain. Immerzeel et al. (2009) utilized 
remotely sensed SCA to identify spatial-temporal trends in the Himalayans and Tibetan plateau. 
Using this data, they were then able to develop a hydrological model for the Himalayan river 
basins and evaluate the effect that climate change may have on the basins’ hydrology. Their 
work revealed that a model based on remote sensing could predict stream flow with accuracy and 
also found that regional warming was affecting the hydrology of some study basins. Daly et al. 
(2012) showed that passive microwave remote sensing was useful in other data-scarce regions of 
Afghanistan. Their study found that passive microwave derived SWE estimates of historical 
averages were valuable means to interpret yearly SWE. Similarly, Vuyovich and Jacobs (2011) 
showed that passive microwave estimates of SWE were successful in characterizing the available 
snow for the study watershed in Afghanistan. It was also found that passive microwave SWE 
showed potential for forecasting reservoir inflows. Information about the snowpack magnitude 
and timing of its melt is important to effectively manage reservoirs and avoid floods (Vuyovich 
& Jacobs, 2011).  
Recent studies have had success detecting the timing of snowmelt onset using passive 
microwave derived brightness temperature (Tb). Three methods for predicting the timing of 
snowmelt onset are evaluated in this study. These three methods are Diurnal Amplitude 
Variation (DAV), Frequency Difference (FD), and Polarization Ratio (PR). The DAV and FD 
methods have been proven to be useful in detecting the onset of melt (Ramage & Isacks, 2002; 
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Steffen et al., 1993). The DAV method was developed to detect the daily melt/refreeze cycle of a 
snowpack triggering melt onset due to warming springtime temperatures. The FD method detects 
an increase in snow wetness by comparing the nighttime Tb for two different frequencies. While 
many studies have shown the ability of the DAV and FD methods to predict the melt onset date 
in northern latitudes where there is often perennial snow cover, it is yet undetermined where 
these same methods are viable in the United States. The Polarization Ratio has primarily been 
utilized for sea ice and rain-on-snow detection, but shows potential in predicting spring 
snowmelt timing (Grenfell & Putkonen, 2008). The PR method has had success in detecting the 
ice layers that form in a snowpack following ROS events and may provide information on snow 
wetting and melting.  
The goal of this study is to evaluate the ability of the Diurnal Amplitude Variation 
(DAV), Frequency Difference (FD) and Polarization Ratio (PR) methods to identify snowmelt 
onset in mid-latitude regions. The proposed approach is to use observations of melt onset from 
SNOTEL and SCAN sites in the United States. This network of over 750 sites provides a unique 
observational database than can be used to identify performance differences at a range of sites 
well beyond that previously studied as well as performance patterns.  
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 – METHODS 
 – Data 
2.1.1 – In Situ SWE 
The daily in situ snow water equivalent (SWE) data used in this research are from two 
sources; the Soil Climate Analysis Network (SCAN) and the Snow Telemetry (SNOTEL) 
network. These networks of environmental monitoring stations run by the Natural Resources 
Conservation Service (NRCS). SCAN sites focus primarily on soil and climate conditions across 
the United States. However, eight SCAN stations also monitor snow conditions using snow 
pillows and provide daily SWE data. SNOTEL stations in Alaska (Figure 2-1) and the 
continental US (Figure 2-2) monitor daily snow and atmospheric conditions. 755 SNOTEL sites 
have daily SWE data for at least part of the AMSR-E observation period. Between the two 
networks, there are 763 stations with data for all or part of the 2002-2011 study period.  
 
Figure 2-1 SNOTEL station locations in Alaska 
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Figure 2-2 SNOTEL and SCAN station locations in the continental United States 
2.1.2 – Passive Microwave Brightness Temperature 
Daily passive microwave brightness temperature (Tb) observations are available from the 
Advanced Microwave Scanning Radiometer – for the Earth Observing System (AMSR-E) 
sensor, mounted on the Aqua satellite. The AMSR-E sensor was launched on NASA’s Aqua 
satellite in 2002 and operated through 2011. The AMSR-E brightness temperatures measured at 
18.7 and 36.5 GHz frequencies are employed in this work, which have a raw spatial resolution of 
28x16km and 14x8km, respectively  (Knowles et al., 2006). The AMSR-E sensor collects data 
for two daily overpasses, including a descending (D) pass in the morning and an ascending (A) 
pass in the afternoon, near 1:30 a.m. and 1:30 p.m. local time at the equator, respectively. The 
data were obtained from the National Snow and Ice Data Center (NSIDC) in an EASE-grid 
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projection at a 25-km resolution. For each study site, Tb time series were extracted for the 
EASE-grid that includes the snow pillow location.  
2.1.3 – Percent Tree Cover 
The results of the three methods are compared to the average percent tree cover in each 
pixel containing a SNOTEL or SCAN site. The MODIS Vegetation Continuous Fields product is 
made available by the University of Maryland and includes global percent tree cover. The 
percent tree cover indicates the percentage of a 250 m pixel that is covered by a tree canopy. 
This was computed and made available by DiMiceli et al. (2011) using MODIS imagery to 
detect the amount of light penetration to the ground, rather than using crown cover that 
designates the amount of ground that is covered by the tree’s crown regardless of whether light 
penetrates. ArcGIS was used to calculate the average percent tree cover for EASE-Grid pixels 
containing SNOTEL and SCAN sites.  
 – Melt Onset Detection Algorithms 
 Three methods are evaluated for their ability to detect melt onset using AMSR-E passive 
microwave brightness temperature. These three methods are Diurnal Amplitude Variation 
(DAV), Frequency Difference (FD), and Polarization Ratio (PR). The DAV method has been 
used in a number of studies to detect snowmelt onset, with slight modifications across the 
studies. The FD method has been used in a few studies using various polarizations and is 
sometimes presented as a ratio. The PR method has primarily been used to detect the ice layer 
formed after rain-on-snow events, but shows potential to detect wet snow.  
2.2.1 – DAV Method 
 The Diurnal Amplitude Variation (DAV) is the magnitude of difference in brightness 
temperature (Tb) between the twice daily passes of satellite mounted sensors such as AMSR-E 
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and SSM/I. The DAV indicates the onset of spring melting (the melt onset date) by detecting the 
physical changes in the snowpack as it ripens and begins to melt. Warmer days in the spring 
cause the snowpack to warm and melt during the day before refreezing due to cold nighttime 
temperatures.   The wet and dry diurnal signal of snow was originally identified by Stiles and 
Ulaby (1980).  Their work indicated that brightness temperature increases with snow wetness 
due to decreased scattering in the snow volume, in conjunction with a rougher surface effect and 
reduction in penetration depth as the snow melts. DAV has shown value for both extreme 
northern and southern latitudes. Figure 2-3 shows an example time series of DAV. Previous 
studies have developed different methods to use the DAV to identify the melt onset date (MOD).  
 
Figure 2-3 Tb, DAV and SWE for Station 946 in Alaska in WY 2011 
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Static DAV Method 
 The Static DAV method is based on the method developed by Ramage and Isacks (2002), 
which utilized the findings of Stiles and Ulaby (1980). They tested the DAV method using 
SSM/I observations in southeastern Alaska. Their equation to calculate DAV utilized the 
vertically polarized 37 GHz Tb as follows: +,- = *./01,3 − *./01,5      (3) 
where T37V,A is ascending pass and T37V,D is the descending pass. It was determined that a DAV 
threshold of 10 K and an average daily Tb threshold of 246 K were the best indicators of MOD 
for the study region. The study concluded that when both thresholds are exceeded on the same 
day, melt is occurring. They determined the Tb threshold visually using the bimodal distribution 
of Tb between wet and dry pixels.  
 In a 2007 study, the DAV method was evaluated using the AMSR-E sensor in British 
Columbia (Apgar et al., 2007). The equation again utilizes the vertical polarization with the 36.5 
GHz Tb: +,- = *./6.81,3 − *./6.81,5     (4) 
The study concluded that for the AMSR-E sensor, thresholds of DAV > 18 K and average daily 
Tb > 252 K performed best for MOD predictions.  
 Dynamic DAV Method 
 The Dynamic DAV method was developed by Tedesco et al. (2009) in order to create a 
time series of melt onset timing for pan arctic terrestrial pixels. Their method quantifies the Tb 
threshold for individual pixels using the bimodal distribution of the Tb data (January through 
August) between wet and dry conditions. Figure 2-4 shows an example of the bimodal 
distribution for station 946 in Alaska. The Tb threshold is computed by modeling the bimodal 
distribution, B, describing the Tb histograms as a combination of two Gaussian distributions: 
11 
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where p is the percentage of dry pixels, G is a Gaussian distribution and m1,	s1,	m2, and s2 are 
the mean and standard deviation of the dry and wet Gaussian distributions, respectively. Tedesco 
et al. (2009) used the Levenberg–Marquardt method to fit the bimodal model while minimizing 
the mean square error. In this study, the five parameters for each pixel and year are computed 
using the mixtools package for R. The mixtools package utilizes the expectation–maximization 
(EM) algorithm for maximum likelihood estimation in order to fit the two distributions. The EM 
algorithm is used here because it is an easier and much more versatile method, which runs much 
faster than the Levenberg–Marquardt method. The Tb threshold is then computed through the 
minimization of the probability of erroneously classifying a dry pixel as a wet pixel and 
conversely (Tedesco, 2009). The equations to compute the Tb threshold are as follows: 
*. = (−9 ± 9% − 4,J )/2,    (6) 
Where: , = 	 >=% − >%%       (7) 9 = 2(<= ∙ >%% − <% ∙ >=%)     (8) J = <% ∙ >=% − <= ∙ >%% + 2>=% ∙ >%% ∙ ln	(>% ∙ NOP ∙ 1 − : ) (9) 
The Tb threshold is the value of Tb (from Equation 6) that falls between m1	and	m2. In the case 
that the fitting procedure does not converge, then the threshold Tb is set to 255 K. The DAV 
(Tb36.5V,A – Tb36.5V,D) threshold is set to the average January and February DAV + 10 K. Melt is 
then identified as occurring when the daily DAV and Tb (ascending or descending) exceed the 
set thresholds. Alternatively, melt is assumed to occur when both the ascending and descending 
Tb exceed the threshold, regardless of the DAV, in order to account for melting that continues 
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during nighttime. The Tb threshold for station 946 in 2010 shown in Figure 2-4 was calculated to 
be 253.6 K and the DAV threshold was calculated to be 11.6 K.  
 
Figure 2-4 Histogram of the 36.5 GHz vertically polarized Tb for the pixel containing station 946 
in Alaska for January to August, 2011 
 Annual DAV Method 
 The Annual method for detecting melt onset using DAV and Tb is presented here as a 
technique that could be applied to any pixel with calibration. The DAV is calculated using the 
Static method, ascending minus descending V-pol 36.5 GHz Tb. The Tb threshold is set to a 
percentile of all the ascending and descending Tb data for the whole water year. For example, if 
the Tb threshold for station 946 for WY 2011 was set to the 65th percentile of all the daily 
ascending and descending Tb values for the water year, the resulting value would be 258.6 K. 
The DAV threshold is set in the same way as the Tb threshold, using a percentile of all the daily 
DAV values for the whole WY. The DAV threshold for station 946 for WY 2011 was set to the 
95th percentile, resulting in a value of 20.4 K. Using the Annual method, optimal percentiles can 
be chosen for the Tb and DAV thresholds for a study region. After the percentiles are calibrated, 
the Tb and DAV thresholds can be determined for any pixel in the region without ground based 
data.   
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Long Term and Previous Year DAV Methods 
 The Annual method requires data for the current water year and so it can only be used for 
historical analysis. The Long Term and Previous Year methods are alternative methods that can 
establish thresholds for operational use. Because the Long Term and Previous Year methods use 
historical data to establish thresholds, they may be used in operation to determine when melt is 
occurring. The Tb and DAV thresholds for the Long Term method are set using the daily Tb and 
DAV data for the period of record (2002-2011). The Tb and DAV thresholds for the Previous 
Year method are set using the daily Tb and DAV data for the previous WY. For example, the Tb 
thresholds for station 946 for WY 2011 were set to the 65th percentile for both and resulted in 
values of 259.4 K for both the Long Term and Previous Year methods. The DAV thresholds for 
station 946 for WY 2011 were set to the 95th percentile for both and resulted in values of 17.6 
and 15.7 K for the Long Term and Previous Year methods, respectively. In operational use, the 
Long Term method could be used with all historical data and the Previous Year method could be 
used with the data from the previous WY.  
2.2.2 – Frequency Difference Method 
 The Frequency Difference (FD) method utilizes the difference in Tb from two different 
frequencies to determine the presence of wet snow. Stiles and Ulaby (1980) found that 
radiometric sensitivity to wetness is considerably stronger at the higher frequency 37 GHz than 
at lower 10.7 GHz frequency. The different response to snowpack wetness for the high and low 
frequencies result in a large Tb difference between the frequencies for dry snow and a much 
smaller difference for a wet snowpack. This difference can be seen in Figure 2-5 for WY 2011 at 
station 946 in Alaska. The FD, between the 18.7 and 36.5 GHz vertically polarized descending 
14 
 
Tb values remains high when the snowpack is accumulating and has a sharp decrease during 
melt periods, indicating wetness in the snowpack.  
 
Figure 2-5 Tb, Frequency Difference and SWE for Station 946 in Alaska in WY 2011 
 This relationship has been used to detect wet snow in extreme latitudes using one high 
and one low frequency, typically 37 and 19 GHz. Wang et al. (2013) used Tb time series from 
three passive microwave sensors, the scanning multichannel microwave radiometer (SMMR, 
1979–1987), the special sensor microwave/imager (SSM/I, 1987–2008), and the special sensor 
microwave imager/sounder (SSMIS, 2009 to present), to develop a pan-Arctic dataset melt onset 
for the available time period. Their study used a Tb difference:  
Q+ = *.=R1,3 − *./01,3     (10) 
where Tb19V,A is the vertically polarized ascending Tb using the 19 GHz frequency and Tb37V,A is 
the vertically polarized ascending Tb using the 37 GHz frequency. They calculated a running 
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three day average of the FD, termed M, and a threshold 0.35*M. Melt onset was identified if the 
difference between the FD and the previous 3-day average (M) was greater than the threshold 
(0.35*M) for four or more consecutive days (Wang et al., 2013).  
 The sharp decrease in the Tb between multiple frequencies has been observed at mid-
latitudes in addition to high latitudes. In a study of the Upper Helmand Watershed in 
Afghanistan, Vuyovich and Jacobs (2011) noted that during periods when the SWE signal 
rapidly decreased, the observed streamflow to their study reservoir increased. The study used 
SSM/I derived SWE calculated using the difference between the 19 and 37 GHz horizontally 
polarized descending Tb. This indicates that the rapid decrease in SWE was captured by the 
decreasing difference in Tb between the two channels.  
 For this study, a modified Wang et al. (2013) method is used with AMSR-E Tb data 
where the Frequency Difference is 
Q+ = *.=S.01,5 − *./6.81,5     (11) 
where Tb18.7V,D is the vertically polarized descending Tb using the 18.7 GHz frequency and 
Tb36.5V,A is the vertically polarized descending Tb using the 36.5 GHz frequency. The descending 
Tb is used to capture melt that continues through the night. The goal is to discern melt at stations 
that exhibit a daily melt/refreeze cycle through much of the winter, including the Sierra Nevada 
of California and Cascades of Oregon and Washington. Additionally, a second criteria is that the 
36.5 GHz vertically polarized ascending or descending Tb must exceed a threshold value. The 
optimal Frequency Difference Annual percentile thresholds are presented for each state using the 
same process as the DAV Annual method in section 2.2.1. The MOD is then identified as the 
first day after January 1st where the FD is less than the FD threshold and the Tb exceeds the Tb 
threshold.  
16 
 
2.2.3 – Polarization Ratio Method 
 Grenfell and Putkonen (2008) used the Polarization Ratio as a method for detecting ROS 
events on Banks Island in Canada. Their PR method seeks to detect the different responses to an 
ice layer by the H-pol and V-pol passive microwave channels. Their equation for the PR is:   
TU = (VWX(VY(VWZ(VY      (12) 
where TbV and TbH are the horizontally polarized brightness temperatures using either the 19 and 
37 GHz frequencies, respectively.  The PR detected the presence of an ice lens in the snowpack 
formed with the refreeze after ROS events. Rees et al. (2010) also measured a stark contrast in 
brightness temperature for a snowpack with and without an ice layer, using H-pol passive 
microwave channels after a rain-on-snow (ROS) event occurred immediately before a snow 
survey and passive microwave radiometer field campaign in the Northwest Territories, Canada. 
The ROS event caused a 3 mm continuous ice layer to develop over the surface of the snowpack. 
After measuring the undisturbed snowpack Tb with a multi-frequency (6.9, 19, 37, and 89 GHz) 
dual polarization ground-based radiometer system, the ice lens was removed and the Tb was 
measured again. They found that the ice lens had little effect on the V-pol channels, but 
considerable effect on the H-pol channels at all frequencies. The largest Tb change was 
measured for the 19 GHz H-pol channel, with an average decrease of 40 K between the 
snowpack with the ice lens present and the ice lens removed. AMSR-E satellite data also showed 
the change in Tb difference between the H-pol and V-pol channels after the ROS event.  
 Although the PR method was developed to detect ROS events, it has the potential to 
detect end of season melt events. Here, equation (12) is applied to the AMSR-E sensor using the 
18.7 GHz frequency in place of the 19 GHz SSM/I frequency. Figure 2-6 shows the 18.7 GHz Tb 
and PR for WY 2011 at station 946 in Alaska. Previous studies indicate that the PR should 
17 
 
increase when an ice lens is present. However, Figure 2-6 indicates that the PR gradually 
decreases around the melt timing, contrary to the expected increase when an ice lens occurs. 
ROS events are not typical for many of the study sites and do not drive the final melt event, so it 
is not surprising that the same pattern is not typically evident. Instead the PR typically shows a 
gradual decrease for the SNOTEL sites analyzed. The decrease is a combination of a decreasing 
difference between the V-pol and H-pol channels and the Tb is increasing around the timing of 
the melt.  
 
Figure 2-6 Tb, PR and SWE for Station 946 in Alaska in WY 2011 
 The equation for the Polarization Ratio used in this study is as follows: 
TU = (VP[.\W,]X(VP[.\Y,](VP[.\W,]Z(VP[.\Y,]     (13) 
where Tb18.7V,D is the 18.7 GHz V-pol descending Tb and Tb18.7H,D is the 18.7 GHz H-pol 
descending Tb. Similar to the FD method, the descending PR is utilized in order to target stations 
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that exhibit a daily melt/refreeze cycle through much of the winter (i.e. where DAV is not 
useful), primarily in the Sierra Nevada of California and Cascades of Oregon and Washington. 
Melt onset is determined when the daily descending PR is lower than a PR threshold and either 
ascending or descending 18.7 GHz Tb exceeds the Tb threshold. The PR and Tb thresholds are 
calculated using the same Annual percentile method described for the Annual DAV method.  
 – Method Performance 
The performance of each melt onset detection method is compared to the peak SWE date 
identified using the in situ SNOTEL and SCAN time series. Each method is evaluated using the 
summary statistics and graphics recommended by Willmott (1982). The summary statistics 
include mean of the observed (O), mean of the predicted (P), standard deviation of the observed 
(so), standard deviation of the predicted (sp), count of the predicted (N), regression parameters 
(intercept (a) and slope (b)), mean absolute error (MAE), root mean square error (RMSE), and 
coefficient of determination (r2). In addition, the Nash–Sutcliffe model efficiency coefficient (E) 
is presented, which assesses the predictive power of hydrological models. The Nash–Sutcliffe 
model efficiency can range from -∞ to 1, with E = 1 indicating a perfect match. An efficiency 
greater than zero indicates that the model predictions are more accurate than the mean of the 
observed data. The equations used to calculate the MAE, RMSE and E are as follows:  `,a = bX= Tc − dcecf=      (14) U`ga = bX= Tc − dc %ecf= h.8    (15) a = 1 − ijXkj lmjnP ijXi lmjnP       (16) 
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 – RESULTS 
 – DAV 
3.1.1 – Alaska 
 The melt onset date (MOD) was determined using the DAV algorithm and compared to 
the peak SWE for all SNOTEL sites. The results are grouped by state in order to evaluate in 
which regions the method works. The initial results focus on Alaska where the method was 
found to work well for past DAV studies. Figure 3-1 is a 5 x 5 grid in which each plot displays 
the MOD versus the date of peak SWE where the date is given using the water day of year. Each 
plot compares the MOD to the peak SWE for water years 2003-2011 at each of the 34 SNOTEL 
stations in Alaska. The plots differ by the thresholds that were used for the brightness 
temperature (Tb) and the diurnal amplitude variation (DAV). In this figure, each column of plots 
uses a different DAV threshold, which is the indicated percentile of all DAV values for each 
water year. Similarly, each row uses a different Tb threshold, which is the percentile of all Tb 
values for each water year. For example, the top left plot has a DAV threshold of 80% and a Tb 
threshold of 55%. In that plot for the year 2003, the DAV threshold is the 80th percentile of all 
DAV values for water year 2003 for a particular station and likewise the Tb threshold is the 55th 
percentile of all Tb values for water year 2003. The MOD was determined to be the first day 
after January 1st on which both the Tb and DAV exceeded their respective thresholds.  
 There appears to be a modest relationship between the MOD using the DAV algorithm 
and the date of peak SWE. Figure 3-1 shows that Tb and DAV thresholds effect the DAV 
algorithm’s performance for Alaska stations. Tb threshold changes gradually shift the center of 
mass of the MODs and alter the timing of the detected MOD. Too high Tb thresholds 70% or 
greater result in either detection of melt onset after the peak SWE, or no detection at all. Years 
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with no MOD detection, indicated as % Missed on the plots, occur in years when there is no date 
when both the Tb and DAV thresholds are exceeded. When the Tb threshold is too low, either 
early MOD detection occurs or extremely early melt detection occurs. These extremely early 
detections are a result of high DAV occurrence when the Tb is still relatively low. Tb thresholds 
that were lower, 50%, and higher, 80, 85, 90 and 95%, were also evaluated. However, this 
introduced a large bias and resulted in many early detects or non-detects. Based on these 
observations, the Tb thresholds with the best results appear to be between 60 and 70% of the 
annual values.  
 While the Tb appears to control the general timing of the MOD detection, the DAV 
controls the MOD estimate for individual stations. A low DAV threshold of 80 or 85% results in 
many early detections. Early season and midwinter DAV increases cause the detected MOD to 
be much earlier than the station’s peak SWE. When the DAV is high , 98%, there are fewer 
instances of early detection, but an increasing number of non-detects. Lower DAV thresholds, 
50, 55, 60, 65, 70, and 75%, as well as a higher threshold, 99%, were also evaluated. Early 
detections and non-detects were increasingly found in these lower and higher thresholds, 
respectively. It appears DAV thresholds between 90 and 95% produce the best results.  
Despite the relatively improved agreement between the detected MOD and the date of 
peak SWE for Tb thresholds between 60 and 70% and DAV thresholds of 90 or 95%, there are 
still a large number of erroneous early season and midwinter detected MOD (Figure 3-1). Three 
sites were found to be the source of the majority of the early detection points. All three are 
located adjacent to the coast. In order to avoid satellite observations that include the data affected 
by ocean, the seven Alaskan stations located in pixels that include the ocean were removed from 
the analysis. Figure 3-2 displays the location of the SNOTEL stations in Alaska and those 
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stations that were removed due to proximity from the coast (empty circles). The Section 3.1 
analysis was then repeated using the 27 remaining SNOTEL stations.
22 
 
 
Figure 3-1 Modeled MOD compared to date of peak SWE from SNOTEL stations. DAV and Tb 
thresholds established using the indicated percentile value for each Annual water year. 
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Figure 3-2 Location of 41 SNOTEL stations in Alaska. Stations, represented by empty circles, 
were removed either due to proximity from coast (954, 987, 1001, 1002, 1003, 1073 and 1270), 
or lack of data (1092, 1175, 1189, 1266, 1267, 1268 and 1275). 
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 The DAV algorithm performance improved considerably with the removal of the seven 
coastal stations. Figure 3-3 shows the same 5 x 5 grid of MOD versus date of peak SWE as 
Figure 3-1, excluding the data from the seven coastal stations. Removing the coastal stations 
eliminated most of the non-detects from the plots and all from those plots having the best 
performing thresholds. DAV thresholds of 90% and lower continue to have early-detects. A 
DAV threshold of 98% or higher, results in a large numbers of years where the MOD is not 
detected. For a 95% DAV threshold, Tb thresholds of 70% and higher also cause MOD non-
detect issues.  
The best performing thresholds were selected by considering mean absolute error (MAE), 
root mean square error (RMSE), the coefficient of determination (r2) and the median absolute 
error. The 65% Tb and 95% DAV thresholds yield the highest r2 and lowest median absolute 
error. Additionally, the r2 is 0.118 and the relationship was found to be significant with a p-value 
< 0.001. With a median absolute error of seven days when using thresholds of 65 and 95% for Tb 
and DAV, respectively, the DAV algorithm performs well when compared to the date of peak 
SWE for the Alaska SNOTEL stations. The DAV algorithm’s median absolute error of one week 
is reasonable relative to the study region’s melt period range of about ten weeks across years and 
locations.  
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Figure 3-3 Modeled MOD compared to date of peak SWE for non coastal SNOTEL stations.
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 Figure 3-1 and Figure 3-3 both use Tb and DAV thresholds established with the data on 
an annual basis. The MOD can only be determined once the water year is complete. Thus, this 
method only works if the DAV method is applied retrospectively. For operational use, methods 
must use thresholds established for prior periods. Four additional methods were examined, Long 
Term, Previous Year, Static DAV, and Dynamic DAV. All but the Dynamic DAV can be used 
operationally. The first method, the Long Term threshold, establishes the Tb and DAV 
thresholds using the data from the entire period of record, 2003-2011. This method identifies one 
Tb and DAV threshold for each pixel and uses those same thresholds every year. This is 
reasonable if there are not large variations in the thresholds from year to year. The second 
method, the Previous Year threshold, uses the data from the Previous Year to establish the 
thresholds. For example, to determine the MOD for WY 2004, the thresholds would be 
determined using the data from WY 2003. The final two methods, Static DAV and Dynamic 
DAV, were developed in previous studies for AMSR-E sensor. The Static DAV method utilizes 
constant thresholds of 252 K and 18 K for Tb and DAV, respectively (Apgar et al., 2007). The 
Dynamic DAV method establishes the Tb and DAV thresholds using each year’s data  (Tedesco 
et al., 2009).  
 Table 3-1 summarizes the performance of these two methods. Summary statistics include 
the mean of the observed (O), mean of the predicted (P), standard deviation of the observed (so), 
standard deviation of the predicted (sp), count of the predicted (N), regression parameters (a and 
b), mean absolute error (MAE), root mean square error (RMSE), coefficient of determination 
(r2), and Nash–Sutcliffe model efficiency coefficient (E). The performance of each method is 
then discussed.  
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Table 3-1 Quantitative Measures of Algorithm Performance for each Method 
Method o p So Sp N a b MAE RMSE r2 E 
Annual 200.4 202.3 14.1 10.0 210 154.14 0.24 9.4 14.3 0.114 -0.05 
Long Term 200.4 202.3 14.1 10.9 210 143.36 0.29 9.1 14.2 0.144 -0.03 
Previous 
Year 200.4 201.9 14.1 10.8 191 128.86 0.36 8.2 12.5 0.162 0.28 
Static DAV 200.4 207.5 14.1 12.0 185 137.35 0.35 10.3 15.1 0.136 -0.02 
Dynamic 
DAV 200.4 177.2 14.1 31.1 210 137.72 0.2 27.1 40.2 0.008 -7.22 
* The terms N, b, r2 and E are dimensionless, while the remaining terms have the units of days 
 
The best performing thresholds for both the Long Term and Previous Year methods were 
found to be the 65% Tb and 90% DAV. The Previous Year thresholds perform best in estimating 
the peak SWE date. However, the Annual and Long Term methods perform nearly as well. All 
three of the methods have zero non-detects, but the Previous Year method has fewer data points 
because it could not be run for the first year of data.  
All three of these methods are relatively unbiased with mean values slightly later than the 
observed. Variability is slightly less for the modeled values for the Annual method, producing a 
tighter window of MOD values. The MAE for these three methods is on the order of eight to 
nine days. While the Previous Year method has the lowest MAE, this may be partly due to 
having one less year of analysis relative to the Annual and Long Term methods. The RMSE and 
r2 are modestly better for the Previous Year method than the Annual and Long Term methods. 
The slope was found to be significant for each of the threes percentile methods, producing p-
values less than 0.05. The r2 values for the Annual, Long Term and Previous Year methods are 
0.114, 0.144, and 0.162 respectively. Figure 3-4 and Figure 3-5 show the 5 x 5 plots of the Long 
Term and Previous Year methods. If used in an operational mode, these findings indicate modest 
impacts to performance for their use compared to the Annual method. 
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The Annual, Long Term and Previous Year thresholds all perform notably better than the 
Static and Dynamic methods. The Static and Dynamic methods predict the MOD to occur on 
average 8 and 15 days, respectively, before the peak SWE. The Static DAV method has a mean 
absolute error and r2 similar to the Annual method, but it fails to detect melt nearly 12% of the 
time. The Dynamic DAV method has much higher mean absolute error and lower coefficient of 
determination. The Dynamic DAV method eliminates the 12% non-detects that occurred with the 
Static DAV method, but the Dynamic DAV method has many early detects. Additionally the 
slopes for the Static DAV method is significantly different from zero, though the slope for the 
Dynamic DAV method is not significant. 
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Figure 3-4 Modeled MOD compared to date of peak SWE using Long Term method 
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Figure 3-5 Modeled MOD compared to date of peak SWE using Previous Year method 
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Figure 3-6 Modeled MOD compared to date of peak SWE using the Static method on the left and 
the Dynamic method on the right 
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The previous analysis provided an overall analysis of thresholds performance for the 
Alaska sites. The results were mapped by individual station to examine regional performances 
and thresholds variation. The observed peak SWE dates show regional patterns. Stations that are 
near one another tend to reach peak SWE within a few days (Figure 3-7). An exception occurs at 
the southern stations near the coast. These stations have large differences in peak SWE timing, 
which appear to be caused by elevation, but aspect and proximity to coast may also impact the 
peak timing. Interestingly, peak SWE timing for Alaska does not appear to depend on latitude. 
The farthest north stations do not reach peak SWE notably later than the more southern stations 
and sometimes peak earlier.  
 The MOD bias is the difference in days between the predicted MOD using the 65th and 
95th percentile Tb and DAV values and the peak SWE from the ground observed SNOTEL data 
(Figure 3-8). Negative values indicate the predicted MOD is earlier than the observed peak SWE. 
Positive values indicate the predicted is later. The results show that the predicted MOD is usually 
within a few days of the peak SWE for all of the Alaska sites.  
 One source of error in these mapped results occurs when there are low snow conditions. 
Sample plots of seasonal SWE, Tb, and DAV time series provide additional insight regarding the 
limitations of the methods, the peak SWE dates and biases (Figure 3-9). For example in 2003, 
Station 966 had a very shallow snowpack with a peak SWE value of 30.5 mm. For this thin 
snowpack, the Tb observations are similar to that for a bare ground pixel. Thus, when there is 
little to no snow in the 25 km pixel, the DAV method does not work well. The presence of bare 
ground is confirmed by the snow covered area detected using MODIS imagery. Figure 3-10 
shows the average snow cover for February 2003 and indicates that much of the pixel containing 
site 966 is not snow covered. In contrast, Figure 3-11 shows that the pixel was nearly completely 
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snow covered in February 2004. The snow covered area and snowpack are typically similar to 
2004, rather than the very low snow year of 2003. Multiple peaks in the observed SWE time 
series are also problematic. Some years, the SWE peaks, melts early and increases again to a 
second, but lower peak. In this case, the peak observed SWE will occur long before the end of 
season melt onset detected by the satellite sensor. Thus, although the error is attributed to the 
detection algorithm, the algorithm is in fact performing as intended.  
 Figure 3-12 and Figure 3-13 show the Tb and DAV magnitude that correspond to the 65th 
and 95th percentile Tb and DAV values, respectively. The nine Tb thresholds were determined at 
each site, one for each year, using the 65th percentile of the water year’s Tb values, then 
averaged. Similarly, each site’s nine annual 95th percentile DAV values were averaged. The Tb 
thresholds show strong regional patterns. The southern coastal stations’ thresholds range from 
248 – 261 K. The more inland and northern sites have higher thresholds of 260 - 270 K. The Tb 
thresholds typically fluctuate between 2 and 4 K year to year at each site, within the relatively 
higher or lower range. The DAV values also show strong regional agreement. The southern 
coastal stations tend to have a peak SWE when the DAV is less than 20 K. The inland and 
northern sites require DAV thresholds greater than 20 K and as high as 30 K to indicate peak 
SWE and melt onset. There appears to be more year to year variability among DAV thresholds 
as compared to the Tb thresholds.  
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Figure 3-7 Average observed water DOY of peak SWE by station 
 
Figure 3-8 Average MOD Bias (days) by station 
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Figure 3-9 Tb, DAV and SWE for Station 966 in WY 2003  
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Figure 3-10 MODIS imagery for February 2003 in southern Alaska 
 
Figure 3-11 MODIS imagery for February 2004 in southern Alaska 
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Figure 3-12 Average Tb Threshold for each station 
 
Figure 3-13 Average DAV Threshold for each station  
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 The relationships among peak SWE timing, MOD bias, Tb thresholds and DAV 
thresholds and physical features were investigated. Figure 3-14 plots the latitude of the SNOTEL 
site versus the four mentioned parameters. Both Tb and DAV appear to increase with increasing 
latitude. Using an alpha of 0.05, the only significant relationship was between average Tb 
threshold and latitude. The average peak SWE WDOY and average DAV threshold increase 
significantly with increasing elevation (Figure 3-15). The magnitude of SWE shows that the 
deeper snowpack typically result in a late bias. The shallower snowpack sites have the largest 
biases with many being extremely early detects. Most of the thin snow packs have very high Tb 
thresholds. Only the average peak SWE WDOY is significantly correlated with average peak 
SWE (Figure 3-16). Average Tb DAV thresholds have a significant relationship with distance 
from the coast (Figure 3-17). Distance from the coast results in two distinct sets, inland and 
coastal. The coastal sites have greater variation in Tb and DAV thresholds than inland sites. 
Based on these results, average peak SWE WDOY is related to elevation and average peak SWE. 
The Tb threshold is related to latitude and distance from the coast. The DAV threshold is 
influenced by elevation and distance from the coast. The average MOD bias does not have a 
significant correlation with any of the tested variables. 
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Figure 3-14 Average parameters for each Alaska station versus latitude 
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Figure 3-15 Average parameters for each Alaska station versus elevation 
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Figure 3-16 Average parameters for each Alaska station versus average peak SWE 
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Figure 3-17 Average parameters for each Alaska station versus Distance from Coast 
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 Multiple linear regression equations were developed and evaluated for Tb and DAV 
thresholds using latitude, elevation and average peak SWE as parameters (Table 3-2). For the 
SNOTEL sites in Alaska, latitude and distance from the coast are strongly correlated with an r2 
of 0.85. It is not clear whether latitude, distance from coast, or another variable is the physical 
variable causing the trends shown previously. For the multiple linear regression analysis, latitude 
is used rather than distance from coast based on the strength of the relationship. The best fit 
equation for the Tb threshold using all three predictor variables explains much of the variability 
(58%), but only latitude is statistically significant. The Tb threshold predictions using only 
latitude are nearly as strong and are significant. The 1.86 coefficient indicates that the Tb 
threshold increases by about 1.9 K with each degree of latitude increase. The Alaskan SNOTEL 
stations’ latitudes range from 59.9° to 67.3°. This result indicates that a reasonable Tb threshold 
could be established for Alaska using only latitude.  
 The regression equation for the DAV threshold using the three predictor has an 
explanatory value of 30% with elevation being statistically significant (Table 3-3). A model of 
DAV threshold using just both latitude and elevation performs almost as well as using all three 
variables. An interaction variable between latitude and elevation failed to improve the results. 
Modeling the DAV threshold against elevation only in the third line reduces the coefficient of 
determination dramatically. 
Table 3-2 Multiple linear regression results for Tb threshold 
r2 P Intercept 
Latitude Elevation Average Peak SWE 
Coefficient P Coefficient P Coefficient P 
0.582 < 0.01 132.6 2.03 < 0.01 0.000306 0.91 0.00352 0.39 
0.568 < 0.01 144.9 1.86 < 0.01     
 
44 
 
Table 3-3 Multiple linear regression results for DAV threshold 
r2 P Intercept 
Latitude Elevation Average Peak SWE 
Coefficient P Coefficient P Coefficient P 
0.300 0.039 -14.2 0.53 0.188 0.00578 0.032 -0.00199 0.622 
0.293 0.015 -21.2 0.63 0.064 0.00576 0.030   
0.135 0.059 -22.4 0.70 0.059     
0.182 0.027 18.2   0.00617 0.027   
3.1.2 – All States 
 The DAV method was evaluated for the 15 other states using observations from 
SNOTEL or SCAN stations. Table 3-4 presents the best performing thresholds, the Median 
Absolute Error and the coefficient of determination by state. The best performing Tb thresholds 
range from the 50th to the 80th percentile. The 75th percentile is the most common Tb threshold. 
Table 3-4 presents the optimal thresholds, the number of stations falling into the five snow 
classifications and performance statistics for the Annual method by state. Figure 3-18 compares 
observed and predicted MOD across the region.  
 The first plot in Figure 3-18 is Alaska where the DAV method works well across the 
region. Arizona shows a large number of early detections, which causes a high MAE of 19.5 
days. The remaining points show good organization, which results in a relatively low median 
absolute error at 10 days. California displays a large amount of variability among the predicted 
dates of melt onset. The predicted values also show an early bias. Colorado’s points generally 
center around the 1:1 line with a cluster of early detections, which cause a high MAE of 19.1 
days. The Idaho results follow the 1:1 line well, but with high variability. However the DAV 
method is not able to capture early peak SWE MODs. Minnesota has limited data and no 
evidence of success using the DAV method. Montana is clustered around the 1:1 line, but shows 
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a late bias for early peak SWE dates. The Nevada plot has high variability and a flat shape rather 
than following the 1:1 line. New Hampshire also has limited data, but the majority of the points 
lie close to the identity line with a few early detects. New Mexico trends along the 1:1 line and 
despite appearing to have a small late bias, maintains a relatively high r2 of 0.072. Oregon results 
have a large scatter and illustrate poor performance for the DAV method in this largely maritime 
environment. While there is not much data from South Dakota, the performance is very good for 
the limited data. The MAE and median absolute error for South Dakota are similar to the values 
from Alaska and the highest r2 (0.443) of all study states. Utah also does reasonably well; 
follows the 1:1 line tightly, has little overall bias and low error statistics. Vermont has limited 
data with two stations, but performs very well when there is data available. Washington has a 
large amount of scatter, showing a similar pattern to the Oregon plot. This suggests that the 
regional climatology is not well suited the DAV method. Finally, Wyoming follows the 1:1 line 
well, has relatively low variability and no bias is evident.  
 After examining the Annual DAV method’s performance in each state, ten states were 
identified where the method shows promise based on the r2, median absolute error, mean 
absolute error, RMSE and visual inspection of the plotted results. Table 3-5 presents expanded 
performance statistics for Alaska, Colorado, Idaho, Montana, New Hampshire, New Mexico, 
South Dakota, Utah, Vermont and Wyoming. Based on the error statistics and coefficients of 
determination, the DAV method has the strongest potential in Alaska, New Hampshire, South 
Dakota, Utah and Vermont. These five states all have MAE values less than 16 days. A review of 
the SWE, Tb and DAV time series reveal a few possible reasons to explain the good 
performance in contrast to the poorer performing states. In general, the ten states identified in 
Table 3-5 where the DAV method works best share a similar pattern in the annual SWE time 
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series. The SWE tends to accumulate steadily during the colder winter months. Then a peak is 
reached before beginning to decrease to zero in a relatively short time period. The Tb and DAV 
remain relatively low during the cold accumulation phase reflecting a cold snowpack. An 
example is shown in Figure 3-21 for a station in Vermont. It is clear that the snowpack 
accumulates steadily before it reaches its peak. Then within just a few days the melt phase begins 
and the snowpack is totally depleted in less than three weeks. The cold conditions of the 
snowpack quickly transitioning to a melt phase allowing for a clear passive microwave signal.  
If the snowpack does not have a steady, clear accumulation phase and a quick transition 
to the melt phase, then the DAV method often fails. This process is shown in Figure 3-22 for 
station 356 in the Sierra Nevada of California. During the accumulation phase, the SWE time 
series of many sites in Washington and Oregon show periods of plateaus and decreases before 
reaching the peak SWE. After reaching the peak SWE, there is a small melt event before a 
plateau of a few weeks, then the final spring melt event occurs. More than a month can pass 
between the date of peak SWE and the onset of the final melt event. The Tb and DAV time series 
are low during some periods of the accumulation, but very high during others. This is the result 
of daytime air temperature above freezing and nighttime air temperatures below freezing. These 
daily swings in air temperature cause the surface of the snowpack to experience daily wetting 
and refreezing. The Tb signal captures this melt and refreeze cycle throughout the winter causing 
the ascending Tb and DAV to often be very high. The peak SWE then occurs on April 28th, long 
before the DAV MOD which was identified as April 4th. The current DAV method is unable to 
discriminate between the high Tb and DAV periods early in the winter from daily melt and 
refreeze. Regions with warm afternoon temperatures throughout winter will likely show these 
same limitations with the DAV method.  
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Table 3-4 Best performing thresholds for DAV method, model performances for each state and number of stations from each snow 
classification in each state  
State 
Tb 
Threshold 
Percentile 
DAV 
Threshold 
Percentile 
Median 
Absolute 
Error 
r2 
Number 
of 
Stations 
Maritime Prairie Taiga Tundra Warm Forest 
Alaska 65 95 7 0.114 27 2 2 6 12 5 
Arizona 70 55 10 0.009 21 0 1 0 0 20 
California 75 50 18 0.038 32 9 1 1 1 20 
Colorado 75 85 15 0.036 109 0 2 82 12 13 
Idaho 70 70 12 0.128 83 0 23 19 9 32 
Minnesota 50 40 25.5 0.026 2 0 2 0 0 0 
Montana 80 50 15 0.083 90 0 5 40 15 30 
Nevada 75 40 14 0.018 32 0 20 2 3 7 
New 
Hampshire 60 60 9.5 0.004 2 2 0 0 0 0 
New 
Mexico 75 60 16 0.072 25 0 3 4 1 17 
Oregon 75 45 19 0.070 78 48 2 2 1 25 
South 
Dakota 75 70 8 0.443 2 0 0 1 0 1 
Utah 75 65 10 0.192 102 0 25 38 14 25 
Vermont 65 80 11.5 0.105 2 2 0 0 0 0 
Washington 75 75 17 0.117 67 52 0 5 2 8 
Wyoming 80 55 16 0.051 88 0 3 66 8 11 
 * 0% missed for all states
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Figure 3-18 Results of best fitting DAV thresholds for each state, Alaska – Minnesota 
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Figure 3-19 Results of best fitting DAV thresholds for each state, Montana – South Dakota 
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Figure 3-20 Results of best fitting DAV thresholds for each state, Utah – Wyoming 
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Table 3-5 Quantitative Measures of DAV Algorithm Performance by State 
State ! " So Sp N a b MAE RMSE r2 E 
Alaska 200.4 202.3 14.1 10.0 210 154.14 0.24 9.4 14.3 0.114 -0.05 
Colorado 196.4 187.9 20 15.8 904 158.42 0.15 18.9 24.5 0.036 -0.51 
Idaho 188.3 186.1 23.2 18.6 731 132.22 0.29 17.2 24.0 0.128 -0.08 
Montana 200.9 201.0 21.9 14.7 790 162.16 0.19 17.3 22.6 0.083 -0.07 
New Hampshire 159.6 157.3 6.6 16.7 16 133.19 0.15 13.2 17.2 0.004 -6.31 
New Mexico 165.0 166.7 22.4 15.8 187 135.64 0.19 19.0 23.7 0.072 -0.13 
South Dakota 181.1 185.7 14.2 14.4 18 63.48 0.67 9.1 12.2 0.443 0.21 
Utah 188.0 186.2 19.2 15.5 804 119.91 0.35 13.6 18.7 0.192 0.05 
Vermont 164.8 180.2 21.8 11.4 12 152.1 0.17 15.4 25.4 0.105 -0.48 
Wyoming 202.0 202.9 19.9 16.4 736 165.33 0.19 18.3 22.7 0.051 -0.31 
* The terms N, b, r2 and E are dimensionless, while the remaining terms have the units of days 
 
Figure 3-21 Tb, DAV and SWE for Station 2041 in Vermont in WY 2005 
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Figure 3-22 Tb, DAV and SWE for Station 356 in California in WY 2011 
 
3.1.3  – Sturm Snow Classifications 
The DAV method performance was also evaluated by snow classification. The snow 
classification scheme was developed by Sturm et al. (1995) and mapped by Liston and Sturm 
(2014). Table 3-6 presents the best performing thresholds, the Median Absolute Error and the 
coefficient of determination for each classification. The best performing Tb thresholds range 
from the 65th to the 80th percentile. The observed versus predicted MODs are shown in Figure 
3-23. The statistics indicate that warm forest is the best performing snow classification. 
However, the warm forest figure shows a large amount of scatter and generally poor 
performance at predicting the date of melt onset. Overall, the snow classifications fail to discern 
how the DAV method will perform.  
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Table 3-6 Best performing thresholds for DAV method and model performances for each snow 
classification 
Snow 
Classification 
Number 
of Stations 
Tb 
Threshold 
Percentile 
DAV 
Threshold 
Percentile 
Median 
Absolute 
Error 
r2 
Maritime 116 75 65 19 0.101 
Prairie 89 65 65 13 0.073 
Taiga 266 80 55 15 0.053 
Tundra 78 80 60 14 0.106 
Warm Forest 214 70 60 12 0.146 
 * 0% missed for all classes 
Table 3-7 Quantitative Measures of DAV Algorithm Performance by Snow Classification 
Snow 
Classification ! " So Sp N a b MAE RMSE r2 E 
Maritime 178.7 175.0 32.5 25.9 970 131.97 0.24 25.9 35.1 0.092 -0.16 
Prairie 176.9 173.7 24.0 16.8 716 140.16 0.19 18.4 25.5 0.073 -0.13 
Taiga 202.0 202.1 18.5 15.9 2210 162.08 0.20 16.8 21.4 0.053 -0.34 
Tundra 203.4 205.0 20.5 15.3 655 159.25 0.23 15.8 21.6 0.091 -0.11 
Warm Forest 178.0 174.7 24.2 21.7 1786 113.79 0.34 17.9 25.8 0.146 -0.14 
* The terms N, b, r2 and E are dimensionless, while the remaining terms have the units of days 
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Figure 3-23 Results of best fitting thresholds for each snow classification 
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3.1.4 – Station Based Error Statistics 
 The analysis of melt onset by state and snow classification generalized stations over 
larger areas, topography and climates. In the large western states, there are as many as 109 
stations spread throughout each state. The r2, RMSE, mean absolute error and median absolute 
error statistics were calculated for the individual stations using the Tb and DAV Annual 
percentile thresholds established for each state. Error statistics were then mapped for stations 
with four or more years of data, totaling in 711 SNOTEL and SCAN sites. The number of 
stations were summarized by performance for the four statistics.  
 Figure 3-24 shows the coefficient of determination for the relationship between the 
observed and predicted MOD at each station. In general, it is expected that the r2 values would 
be small due in part to the low sample sizes of four to nine per site. While 404 sites have r2 
values less than 0.250, 188 sites have r2 values greater than 0.375. The regions having numerous 
stations with relatively high r2 values cluster in northern Utah on the western side of the Rocky 
Mountains, eastern parts of Colorado, central and eastern Wyoming, and eastern parts of 
Washington and Oregon. Correlation is notably poor in the Sierra Nevada of California and the 
Cascade range in the northwest. There is also a clear divide down the middle of Colorado 
separating stations with high and low correlation values.  
 The three error statistics indicate that RMSE can amplify stations with outliers due to the 
small sample. While just nine stations have RMSE values less than one week, 34 stations have 
mean absolute errors of less than one week. The station RMSE, mean and median absolute error 
maps show similar patterns. The Sierra Nevada in California and the farthest west sites in the 
Cascades of western Oregon and Washington are characterized by high error values. The 
southern sites in the Sierra Nevada show some improved results. Moving inland from the coast, 
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the error decreases dramatically. The eastern parts of Oregon and Washington have much lower 
errors, with a few exceptions. The central Utah region has very good results as do parts of central 
and western Colorado. Similar to the r2 pattern, the sites towards the Front Range in central 
Colorado have very high errors. Wyoming has mixed results in the west, but good agreement in 
the central and eastern portions of the state moving into South Dakota where the two northern 
plains stations have very good results. These figures offer further insight as to where the DAV 
method shows promise as well as where it is unlikely to be able to predict the onset of snowmelt.  
Table 3-8 Count of number of stations in each bin for DAV error statistics 
r2 RMSE Mean Absolute Error 
Median Absolute 
Error 
Range Count Range (days) Count 
Range 
(days) Count 
Range 
(days) Count 
0.875 - 1 6 < 3 0 < 3 3 < 3 33 
0.750 – 0.875 30 3 – 7 9 3 – 7 31 3 – 7 91 
0.625 – 0.750 25 7 – 14 107 7 – 14 215 7 – 14 257 
0.500 – 0.625 51 14 – 21 232 14 – 21 234 14 – 21 146 
0.375 – 0.500 76 21 – 28 172 21 – 28 129 21 – 28 86 
0.250 – 0.375 119 28 – 35 101 28 – 35 55 28 – 35 60 
0.125 – 0.250 134 35 – 42 49 > 35 44 > 35 38 
0 – 0.125 270 > 42 41     
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Figure 3-24 DAV r2 for western US sites with four or more years of data 
 
Figure 3-25 DAV RMSE for western US sites with four or more years of data 
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Figure 3-26 DAV Mean Absolute Error for western US sites with four or more years of data 
 
Figure 3-27 DAV Median Absolute Error for western US sites with four or more years of data 
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 – Frequency Difference 
3.2.1 – All States 
 The Frequency Difference method was evaluated for each of the 16 states with SNOTEL 
or SCAN stations. Table 3-9 presents the best performing thresholds, the median absolute error 
and the coefficient of determination for each state using the Annual percentile method. The best 
performing Tb thresholds range from the 50th to the 75th percentile. The 70th and 75th percentiles 
are the most common Tb thresholds. The best performing FD thresholds range from the 55th to 
the 90th percentile., with the 75th percentile being the most common. Figure 3-18 compares 
observed and predicted MOD across the region.  
 The first plot in Figure 3-18 is Alaska where the FD method largely performs well with a 
few early detects. The center of the Arizona points indicate a late bias with a predicted MOD 
marginally later than the peak SWE dates. There are also a quite a few early detections and 
misses early in the winter. California is well centered on the 1:1 line and does not have any 
significant early detections. Still the error is high and years with early peak SWE dates are 
largely missed. The Colorado data points center on the identity line, but generally do not capture 
the trend of the melt timing. The method does well to follow the 1:1 line, with the exception of 
misses for early peak SWE dates. Idaho shows good agreement later in the winter, but the FD 
fails to capture the early peak SWE dates. Minnesota has limited data contributing to poor 
statistics, but most of the data points lie very close to the identity line. The method performs 
relatively well in Montana, the first plot in Figure 3-29, generally following the 1:1 line. With 
the exception of misses early in the winter, Nevada shows promise with good agreement between 
the detected MOD and peak SWE date. New Hampshire has limited data and a tight window of 
peak SWE dates at its two sites, but the algorithm does well to capture the timing of the peak 
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SWE. The majority of the years in New Mexico detect melt onset shortly after the peak SWE. 
However, there are a few early detections and misses early in the winter. The FD method fails to 
capture the variability and trend of peak SWE dates in Oregon. South Dakota sites show 
extremely strong performance for the limited data, with most of the data points falling directly on 
the 1:1 line. The data for Utah follow the trend of the peak SWE dates quite well with a large 
mass of points lying just above the identity line. For its limited data, Vermont sites show good 
performance with most points falling on or just above the 1:1 line. The plot for Washington state 
shows a lot of scatter and relatively poor performance in predicting the peak SWE date. The 
Wyoming cluster of points tightly center on the 1:1 line and trend well compared to the peak 
SWE timing.  
 After examining the Annual FD method’s performance in each state, ten states were 
identified where the method shows promise based on the r2, median absolute error, mean 
absolute error, RMSE and visual inspection of the plotted results. Table 3-5 presents expanded 
performance statistics for Alaska, Colorado, Idaho, Montana, New Hampshire, New Mexico, 
South Dakota, Utah, Vermont and Wyoming. These are the same ten states where the DAV 
method performed best. Based on the error statistics and coefficients of determination, the FD 
method has the strongest potential in Alaska, New Hampshire, South Dakota and Utah. These 
four states all have MAE values less than 13 days. Section 3.1.2 addressed the favorable snow 
conditions these states share that lead to positive results with the DAV method. The same is true 
for the FD method, where consistently cold and accumulating snow packs that have quick 
transitions into the spring melt season show the best results. The FD method did improve 
performance relative to DAV in some states, most notably New Hampshire, South Dakota and 
Utah where MAE decreased between 0.8 and 3 days. In Alaska, Montana and Vermont, the DAV 
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method performed markedly better than the FD method. Colorado, Idaho, New Mexico and 
Wyoming had similar results for both methods.   
 Similar to the DAV method, the FD method fails when the snowpack does not have a 
steady clear accumulation phase and a quick transition to the melt phase. Again, this process is 
typical of the Sierra Nevada in California and Cascades in Washington and Oregon. Isolating the 
nighttime FD failed to meaningfully increase performance over the DAV method in these areas. 
Short early winter melt events result in many FD decreases and make it difficult to discern the 
final melt timing with the FD method.  
Table 3-9 Best performing thresholds for FD method and model performances by state 
State Number of Stations 
Tb 
Threshold 
Percentile 
FD 
Threshold 
Percentile 
Median 
Absolute 
Error 
r2 
Alaska 27 70 65 8 0.094 
Arizona 21 70 85 15.5 0.001 
California 32 75 90 18 0.118 
Colorado 109 70 75 16 0.034 
Idaho 83 65 75 14 0.139 
Minnesota 2 50 70 17.5 0.051 
Montana 90 75 70 15 0.054 
Nevada 32 75 75 14 0.119 
New Hampshire 2 55 55 12.5 0.214 
New Mexico 25 70 75 15 0.138 
Oregon 78 75 85 19 0.109 
South Dakota 2 70 75 4 0.605 
Utah 102 70 80 9 0.238 
Vermont 2 60 65 13.5 0.074 
Washington 67 75 80 16.5 0.145 
Wyoming 88 75 70 16 0.060 
 * 0% missed for all state 
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Figure 3-28 Results of best fitting FD thresholds for each state, Alaska – Minnesota 
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Figure 3-29 Results of best fitting FD thresholds for each state, Montana – South Dakota 
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Figure 3-30 Results of best fitting FD thresholds for each state, Utah – Wyoming 
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Table 3-10 Quantitative Measures of FD Algorithm Performance by State 
State ! " So Sp N a b MAE RMSE r2 E 
Alaska 200.4 206.3 14.1 17.8 210 128.29 0.39 12.5 19.9 0.094 -1.01 
Colorado 196.4 194.6 20.0 15.8 904 166.03 0.15 18.5 23.1 0.034 -0.34 
Idaho 188.3 188.6 23.2 16.8 731 137.74 0.27 17.1 23.0 0.139 0.02 
Montana 200.9 201.5 21.9 15.8 790 167.89 0.17 18.4 23.9 0.054 -0.19 
New Hampshire 159.6 171.2 6.6 10.0 16 58.26 0.71 12.4 14.6 0.214 -4.26 
New Mexico 165.0 169.7 22.4 16.8 187 123.61 0.28 18.4 22.9 0.138 -0.05 
South Dakota 181.1 182.9 14.2 9.7 18 86.34 0.53 6.1 8.9 0.605 0.58 
Utah 188.0 187.1 19.2 14.9 804 115.93 0.38 12.7 17.7 0.238 0.15 
Vermont 164.8 182.2 21.8 9.9 12 161.97 0.12 17.7 26.9 0.074 -0.67 
Wyoming 202.0 204.8 19.9 16.1 736 164.62 0.20 18.1 22.4 0.060 -0.28 
* The terms N, b, r2 and E are dimensionless, while the remaining terms have the units of days 
  
 66 
 
3.2.2 – Station Based Error Statistics 
 The four error statistics, r2, RMSE, mean absolute error and median absolute error, were 
mapped for each station with at least four years of data, using the best Tb and FD Annual 
percentile thresholds established for each state. Table 3-11 indicates the number of stations that 
fall into each bin for the four statistics. Using the FD method, 229 sites have r2 values greater 
than 0.375, as opposed to 188 sites for the DAV method. For mean absolute error however, the 
FD method produces only 215 stations with error less than two weeks, as compared to the 249 
such sites using the DAV method. This indicates mixed results and indicates that the choice of 
DAV or FD varies regionally.  
 The r2 map indicates where there is a very good relationship between the detected MOD 
and the peak SWE date (Figure 3-31). The patterns of strong and weak correlations are largely 
similar to the DAV method (Figure 3-24) with some notable exceptions. The FD method has a 
much higher r2 values in the Sierra Nevadas, particularly at the southern stations. The correlation 
is still poor through the Cascade Mountains in Oregon, but does show some improvement into 
northern Washington. The northern parts of Utah and Colorado show similarly strong correlation 
values for both DAV and FD. The FD method improved results in central and southern Utah. 
The mean absolute error (Figure 3-33) indicates additional differences between the FD and the 
DAV methods. The Sierra Nevada show some modest improvement in the north, but similar 
results in the south. The FD method struggles in the Cascades of Oregon, but does indicate 
improved performance in central and northern Washington. The FD method shows some very 
good results in eastern Oregon into western Idaho. Results appear to have worsened in northeast 
Wyoming relative to the DAV method, but central Wyoming west to South Dakota shows 
similar strong performances. Utah and the western half of Colorado show some mild decreases in 
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performance relative to DAV. Notably however, the most eastern Colorado stations, towards 
Denver, show much improved performance. Many of these stations had MAE values of more 
than three weeks for DAV. The FD method has errors of less than three and even two weeks. 
These figures indicate that the FD method has promise in many areas of the western USA, 
improving upon the DAV method in some cases. Particular areas of improvement include eastern 
Colorado, as well as central and northern Washington.  
Table 3-11 Count of number of stations in each bin for FD error statistics 
r2 RMSE Mean Absolute Error 
Median Absolute 
Error 
Range Count Range (days) Count 
Range 
(days) Count 
Range 
(days) Count 
0.875 - 1 12 < 3 0 < 3 1 < 3 10 
0.750 – 0.875 36 3 – 7 11 3 – 7 20 3 – 7 58 
0.625 – 0.750 50 7 – 14 94 7 – 14 194 7 – 14 236 
0.500 – 0.625 56 14 – 21 231 14 – 21 261 14 – 21 207 
0.375 – 0.500 75 21 – 28 190 21 – 28 119 21 – 28 98 
0.250 – 0.375 105 28 – 35 91 28 – 35 58 28 – 35 54 
0.125 – 0.250 114 35 – 42 49 > 35 58 > 35 48 
0 – 0.125 263 > 42 45     
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Figure 3-31 FD r2 for western US sites with four or more years of data 
 
Figure 3-32 FD RMSE for western US sites with four or more years of data 
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Figure 3-33 FD Mean Absolute Error for western US sites with four or more years of data 
 
Figure 3-34 FD Median Absolute Error for western US sites with four or more years of data 
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 – Polarization Ratio 
3.3.1 – All States 
 The Polarization Ratio method was evaluated for the 16 states with SNOTEL or SCAN 
stations. Table 3-12 presents the best performing thresholds, the median absolute error and the 
coefficient of determination for each state using the Annual percentile method. The best 
performing Tb thresholds range from the 55th to the 80th percentile. The 70th percentile is the 
most common Tb threshold. The best performing Tb threshold for each state does not vary by 
more than 5% among the three methods. The best performing PR thresholds range from the 60th 
to the 95th percentile, with the 70th percentile being the most common. Figure 3-35 compares 
observed and predicted MOD across the region.  
 Alaska is the first plot in Figure 3-35 and generally shows good results for the region. 
However, there are eight early detections where the thresholds are met immediately in the 
beginning of January, long before the peak SWE date. Arizona shows a cluster that follows the 
1:1 line well, but there are a large number of non-detects and misses early in the winter. The data 
for California generally follows the trend of the identity line, but there is a lot of variability with 
predicted dates of melt onset before and after the peak SWE date. The data in Colorado shows 
good agreement and shape with some variability around the 1:1 line. Idaho indicates positive 
results for the general center of the data, but there are many misses early in the winter. 
Minnesota again has limited data of which about half the points show good agreement, while the 
others miss early or late. Montana is the first plot in Figure 3-36 and generally is centered on the 
identity line. The shape of the points in relatively flat however, rather than increasing with the 
peak SWE date. The PR method performs well in Nevada, which trends well along the 1:1 line. 
There are a few misses early in the winter and earlier detections later in the winter. New 
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Hampshire has limited data, most of which shows good agreement with the exception of two 
early detects. Melt timing in New Mexico generally increases with increasing peak SWE date 
with some misses early in winter and a few early detections. The general trend follows the 
identity line reasonably well. Oregon shows poor performance with many misses early in winter 
and early detects later in winter. For its limited data, South Dakota performs well mostly falling 
on the 1:1 line. Wyoming is the first plot in Figure 3-37 showing good agreement centering on 
the 1:1 line, with the exception of a cluster early detections that do also follows the increasing 
trend. There is limited data in Vermont with most of the data points lying close to the identity 
line, but there are two early detects and one miss. Washington shows many misses early in the 
winter, but later winter peak SWE dates are largely captured with the PR method. Wyoming 
trends well with the increasing peak SWE dates and stays tight to the 1:1 line indicating 
generally good performance.  
 Twelve states were identified where the method shows promise based on the r2, median 
absolute error, mean absolute error, RMSE and visual inspection of the plotted results. Table 
3-13 presents expanded performance statistics for Alaska, Arizona, Colorado, Idaho, Montana, 
Nevada, New Hampshire, New Mexico, South Dakota, Utah, Vermont and Wyoming. These 
include the ten states where the DAV and FD methods performed best in addition to Arizona and 
Nevada where performance is improved over the other methods. Based on the error statistics and 
coefficients of determination, the PR method has the strongest potential in Alaska, New 
Hampshire, South Dakota and Utah. These four states all have MAE values less than 15 days. 
The PR method did improve performance relative to the DAV method in some states, most 
notably Arizona, Nevada, New Hampshire, New Mexico and South Dakota where MAE 
decreased between 1.3 and 2.1 days. In Alaska and Vermont, the DAV method performed 
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markedly better. While Colorado, Idaho, Montana, Utah and Wyoming indicate similar results 
with both methods. The PR method also performed much better than the FD method in Arizona, 
Minnesota, Montana and New Hampshire. Although in Oregon, South Dakota, Utah and 
Vermont show much better results using the FD method. While Alaska, California, Colorado, 
Idaho, Nevada, New Mexico, Washington and Wyoming indicate similar results between the two 
methods.  
 Similar to the DAV and FD methods, the PR method performs poorly in the Sierra 
Nevada in California and Cascades in Washington and Oregon. The PR method did not have 
notable improved performance over the DAV method in these areas. For these states, the PR 
results are highly variable with many increases and decreases during the accumulation of the 
snowpack, which make it difficult to determine the final melt timing with the PR method. 
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Table 3-12 Best performing thresholds for PR method and model performances for each state.  
State Number of Stations 
Tb 
Threshold 
Percentile 
PR 
Threshold 
Percentile 
Median 
Absolute 
Error 
r2 
Alaska 27 70 85 6.5 0.136 
Arizona 21 65 75 10 0.000 
California 32 75 75 18 0.078 
Colorado 109 75 70 16 0.061 
Idaho 83 65 65 13 0.161 
Minnesota 2 50 95 21 0.048 
Montana 90 80 70 14 0.086 
Nevada 32 70 60 14 0.121 
New Hampshire 2 55 85 5.5 0.000 
New Mexico 25 70 70 14 0.070 
Oregon 78 70 75 20 0.080 
South Dakota 2 70 85 6 0.512 
Utah 102 70 70 11 0.199 
Vermont 2 60 85 13.5 0.001 
Washington 67 75 70 16 0.150 
Wyoming 88 75 60 15 0.079 
 * 0% missed for all states
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Figure 3-35 Results of best fitting PR thresholds for each state, Alaska – Minnesota 
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Figure 3-36 Results of best fitting PR thresholds for each state, Montana – South Dakota 
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Figure 3-37 Results of best fitting PR thresholds for each state, Utah – Wyoming 
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Table 3-13 Quantitative Measures of PR Algorithm Performance by State 
State ! " So Sp N a b MAE RMSE r2 E 
Alaska 200.4 199.0 14.1 23.5 210 75.81 0.61 11.9 22.5 0.136 -1.57 
Arizona 154.5 151.6 16.4 20.6 150 149.00 0.02 18.2 26.2 0.000 -1.58 
Colorado 196.4 195.4 20.0 17.7 904 152.59 0.22 18.8 23.2 0.061 -0.35 
Idaho 188.3 191.6 23.2 16.1 731 139.21 0.28 16.7 22.5 0.161 0.06 
Montana 200.9 204.5 21.9 14.6 790 165.22 0.2 17.3 22.8 0.086 -0.08 
Nevada 185.4 183.7 25.3 16.5 255 141.57 0.23 18.5 24.9 0.121 0.02 
New Hampshire 159.6 160.6 6.6 14.8 16 161.18 0.00 11.1 15.7 0.000 -5.07 
New Mexico 165.0 163.7 22.4 14.9 187 134.58 0.18 17.7 23.3 0.070 -0.09 
South Dakota 181.1 181.3 14.2 9.0 18 98.79 0.46 7.1 9.7 0.512 0.51 
Utah 188.0 187.9 19.2 16.1 804 117.54 0.37 14.1 18.8 0.199 0.04 
Vermont 164.8 173.1 21.8 19.0 12 167.76 0.03 19.0 28.4 0.001 -0.85 
Wyoming 202.0 201.4 19.9 18.9 736 147.52 0.27 18.2 23.2 0.079 -0.37 
* The terms N, b, r2 and E are dimensionless, while the remaining terms have the units of days 
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3.3.2 – Station Based Error Statistics 
 The performance of the PR method by site was calculated using the best Tb and PR 
Annual percentile thresholds established for each state. Table 3-14 specifies the number of 
stations that fall into each bin for the four statistics, r2, RMSE, mean and median absolute error. 
The number of sites with an r2 greater than 0.375 using the PR method is 219 as compared to 188 
for DAV and 229 for the FD method. The number of sites with a MAE less than two weeks using 
the PR is 254, compared to 249 sites for DAV and 215 sites for FD. This combination of a higher 
number of sites with low MAE values than the other methods and almost as many sites with high 
r2 as the FD method implies that the PR may be outperforming the other two methods in some 
areas.  
 The mapped mean absolute errors shows that the PR method has similar errors at sites in 
the Sierra Nevada of California with some modest improvements, mainly in the south (Figure 
3-40). In northern Washington, noticeable improvements are evident over both DAV and FD. In 
northeast Wyoming, PR performance indicates slightly better results than the other two methods. 
In southeastern Wyoming, the results using the PR method are very good, with most sites having 
errors of less than three weeks. Sites in Utah show similar performance to the FD method, with 
worse results than DAV. Colorado shows a mixture of slightly better results in the west and 
worse than FD in the east. Based on these results, the PR method performs similarly to the DAV 
and FD methods in the western US. There are some modest increases in performance in the 
California Sierra Nevadas and southeastern Wyoming.  
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Table 3-14 Count of number of stations in each bin for PR error statistics 
r2 RMSE Mean Absolute Error 
Median Absolute 
Error 
Range Count Range (days) Count 
Range 
(days) Count 
Range 
(days) Count 
0.875 - 1 8 < 3 1 < 3 1 < 3 21 
0.750 – 0.875 40 3 – 7 6 3 – 7 28 3 – 7 86 
0.625 – 0.750 36 7 – 14 112 7 – 14 225 7 – 14 276 
0.500 – 0.625 64 14 – 21 247 14 – 21 258 14 – 21 163 
0.375 – 0.500 71 21 – 28 179 21 – 28 102 21 – 28 81 
0.250 – 0.375 92 28 – 35 85 28 – 35 53 28 – 35 48 
0.125 – 0.250 136 35 – 42 45 > 35 44 > 35 36 
0 – 0.125 264 > 42 36     
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Figure 3-38 PR r2 for western US sites with four or more years of data 
 
Figure 3-39 PR RMSE for western US sites with four or more years of data 
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Figure 3-40 PR Mean Absolute Error for western US sites with four or more years of data 
 
Figure 3-41 PR Median Absolute Error for western US sites with four or more years of data 
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 – Comparing Method Performances 
 Table 3-15 reports the mean absolute error (MAE), RMSE and r2 for each method in each 
of the 16 states. It is clear in some states that one method outperforms the others, but in many 
states multiple methods perform similarly. The DAV method noticeably performs best in Alaska, 
Montana and Vermont. The Frequency Difference method performs much better in New 
Hampshire, South Dakota, and Utah, but only slightly outperforms the other methods in 
California, Colorado, Minnesota, Nevada, Oregon, and Wyoming. The Polarization Ratio 
method performs notably better only in Arizona and slightly better in Idaho, New Mexico and 
Washington. Only a few states show pointedly better performance with one of the three methods. 
For most states, a combination of the three methods may be pursued if using passive microwave 
Tb to detect melt onset in an operational situation.  
 The analysis in Section 3.1.3 evaluated the performance of the Annual DAV 
Method by snow classification and failed to successfully characterize where the method did and 
did not perform well. Further evaluation of method performance was evaluated by peak SWE 
and tree cover. Figure 3-42 shows the average bias (peak SWE date – detected MOD) for each of 
the three methods by peak SWE measured at the SNOTEL and SCAN sites. The shaded regions 
denote the 95% confidence intervals. Positive values indicate that the detected MOD occurred 
before the peak SWE date. The peak SWE bins were increased from 50 to 100 mm for higher 
values in order to increase the sample size for the higher depths. All three methods show high 
positive biases for a shallow snowpack with less than 300 or 350 mm of SWE. The average bias 
is fairly consistent from 300 to 1500 mm max SWE. The FD tend to have little bias, while the 
other methods have a modest, but significant late detection. The average bias for the FD method 
is consistently above the bias values for the other two methods, which are similar to each other. 
 83 
 
Above 1500 mm all three methods show large negative biases, indicating that the methods are 
detecting melt onset after the peak SWE date. Values and sample size appear in Table 3-16.  
The percent tree cover was calculated for each EASE-Grid pixel containing a SNOTEL 
or SCAN site. No major patterns are evident between the method biases and the tree cover of the 
pixel (Figure 3-43). Again the FD method consistently detects melt earlier than observed as 
compared to the other two methods. The bias values for the DAV and PR methods are very 
similar for each tree cover percentage. The sample size for each percent tree cover bin is shown 
in Table 3-17. This result indicates that the tree cover does not notably effect the performance of 
the melt onset detection methods for pixels having less than 50% tree cover. However, above 
50% tree cover, all three methods trend towards later melt detection relative to the peak SWE 
date and greater variability. One possible explanation is that because snow pillows are located in 
open areas free of tree cover, the SNOTEL and SCAN sites are less representative of the EASE-
Grid pixel when there is a higher tree cover. The snow pillow in the open area would be expected 
to experience melt onset before the tree covered snowpack in the surrounding area, which could 
lead to the detected MOD being later relative to the peak SWE date in heavily forested pixels. 
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Table 3-15 Performance of three methods for detecting melt onset in each state 
State Number of Stations 
DAV Frequency Difference Polarization Ratio 
MAE RMSE r2 MAE RMSE r2 MAE RMSE r2 
Alaska 27 9.4 14.3 0.114 12.5 19.9 0.094 11.9 22.5 0.136 
Arizona 21 19.5 27.9 0.009 20.0 26.0 0.001 18.2 26.2 0.000 
California 32 23.2 30.2 0.038 22.2 27.7 0.118 22.6 28.0 0.078 
Colorado 109 18.9 24.5 0.036 18.5 23.1 0.034 18.8 23.2 0.061 
Idaho 83 17.2 24.0 0.128 17.1 23.0 0.139 16.7 22.5 0.161 
Minnesota 2 25.4 32.7 0.026 25.3 33.9 0.051 22.5 29.1 0.048 
Montana 90 17.3 22.6 0.083 18.4 23.9 0.054 17.3 22.8 0.086 
Nevada 32 20.6 29.1 0.018 18.9 24.9 0.119 18.5 24.9 0.121 
New Hampshire 2 13.2 17.2 0.004 12.4 14.6 0.214 11.1 15.7 0.000 
New Mexico 25 19 23.7 0.072 18.4 22.9 0.138 17.7 23.3 0.070 
Oregon 78 26 35.5 0.070 25.1 34.3 0.109 26.4 35.6 0.080 
South Dakota 2 9.1 12.2 0.443 6.1 8.9 0.605 7.1 9.7 0.512 
Utah 102 13.6 18.7 0.192 12.7 17.7 0.238 14.1 18.8 0.199 
Vermont 2 15.4 25.4 0.105 17.7 26.9 0.074 19.0 28.4 0.001 
Washington 67 22.4 30.6 0.117 21.9 31.0 0.145 21.1 29.8 0.150 
Wyoming 88 18.3 22.7 0.051 18.1 22.4 0.060 18.2 23.2 0.079 
 * The term r2 is dimensionless, while the mean absolute error (MAE) and RMSE terms have the units of days 
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Figure 3-42 Average bias (peak SWE date – detected MOD) by measured in situ peak SWE with 
shaded 95% confidence intervals  
 
Figure 3-43 Average bias (peak SWE date – detected MOD) by percent tree cover by pixel with 
shaded 95% confidence intervals 
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Table 3-16 Number of data points in each range of peak SWE values and method biases (peak 
SWE date – detected MOD) for each bin 
Peak SWE 
(mm) n 
DAV Average 
Bias (days) 
FD Average 
Bias (days) 
PR Average 
Bias (days) 
0 - 50 64 37.1 41.6 39.1 
50 - 100 199 13.9 19.4 13.8 
100 - 150 279 11.8 15.7 9.2 
150 - 200 375 7.3 17.3 10.1 
200 - 250 448 4.9 14.4 6.9 
250 - 300 552 2.2 11.3 4.5 
300 - 350 480 1.6 11.2 4.6 
350 - 400 499 -1.8 7.6 1.5 
400 - 450 478 -2.8 8.8 1.5 
450 - 500 410 -6.4 4.2 -2.8 
500 - 550 374 -7.4 3.8 -3.8 
550 - 600 300 -7.8 1.2 -5.3 
600 - 650 254 -6.9 3.4 -4.4 
650 - 700 214 -6.1 3.2 -3.4 
700 - 750 186 -11.1 0.9 -6.6 
750 - 800 147 -7.9 3.9 -3.2 
800 - 850 128 -10.9 1.4 -6.3 
850 - 900 109 -7.5 -0.2 -2.6 
900 - 1000 219 -9.4 0.8 -7.0 
1000 - 1100 157 -10.0 1.2 -6.6 
1100 - 1200 109 -11.7 -1.7 -6.7 
1200 - 1300 69 -11.8 -2.2 -5.6 
1300 - 1400 74 -16.6 -4.6 -12.4 
1400 - 1500 47 -14.5 -3.0 -7.9 
> 1500 159 -23.3 -10.8 -15.8 
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Table 3-17 Number of data points in each range of percent tree cover and method biases (peak 
SWE date – detected MOD) for each bin 
Percent 
Tree Cover n 
DAV Average 
Bias (days) 
FD Average 
Bias (days) 
PR Average 
Bias (days) 
0 - 5 234 2.9 9.1 3.2 
5 – 10 666 -3.5 5.6 -1.0 
10 - 15 639 -1.8 8.2 0.0 
15 - 20 900 1.1 12.0 4.2 
20 - 25 990 -0.2 10.5 3.3 
25 - 30 1107 -2.7 7.3 -0.2 
30 - 35 657 -1.2 13.7 3.8 
35 - 40 396 -3.7 7.0 0.5 
40 - 45 243 -2.6 1.1 -4.3 
45 - 50 207 -4.9 2.4 -3.3 
50 - 55 225 -5.3 2.3 -0.4 
55 - 60 279 -11.6 -7.2 -6.0 
> 60 324 -7.4 -0.7 -4.4 
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 – DISCUSSION 
Observation Errors 
 The DAV method detects the melt onset date (MOD) based on an increase in liquid water 
content in the snowpack. In the spring time, warm daytime and cold nighttime temperatures 
cause a diurnal melt and refreeze cycle for the snowpack. This cycle causes the descending Tb to 
remain low due to the cold and dry nighttime snow, while the ascending Tb increasing 
dramatically due to the sharp increase in emissivity caused by liquid water in the snowpack. This 
large increase in the diurnal Tb difference, DAV, along with an increasing average Tb indicates 
that the spring melt has begun. Performance analysis requires a consistent method of determining 
the MOD.  
 For this study, the MOD used for validation is the date of peak SWE measured by the 
SNOTEL or SCAN site. If there were multiple dates in a winter with the same peak SWE value, 
then the latest date was used. Based on visual inspection, the date of peak SWE often appeared to 
represent the beginning of snowmelt. However, the peak would regularly occur a few days or 
more before the final melt onset was clearly evident. Sometimes there were two clear peaks in 
the SWE time series. For these years, the snowpack reached its winter peak, melt occurred, 
followed by a refreeze and accumulation phase to a second lower peak, after which the final 
spring melt began. Another observed pattern was a peak which occurred before a small melt 
event, followed by a steady SWE for a few days or even weeks before the end of season melt 
occurred. In all but the first case, the snowpack evolution results in estimates of the true MOD 
days or even weeks earlier than when the spring melt occurred. Alternative, systematic methods 
for determining the MOD were evaluated including the date at which 75% of the peak SWE 
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snowpack remained. However, other methods introduced difference problems. The date of peak 
SWE was found to perform as well or better and had a clear definition.  
 Snow pillows utilized by the SNOTEL and SCAN sites to measure daily SWE have a 
number of known issues that may introduce error in determining the peak SWE date. Snow 
pillows measure the weight of the snow on top of the pillow and converts this weight to a depth 
of water, or snow water equivalent. Snow pillows have had problems accurately measuring SWE 
during the melt period, however they are typically very accurate during the accumulation phase 
(Sorteberg et al., 2001). Sorteberg et al. (2001) hypothesized that the snow pillow measurement 
errors during the melt period may be due to local variations in the melting intensity and therefore 
local differences in the snow density. Ice bridging can occur in the snowpack on top of the snow 
pillow. An ice bridge occurs when a hard layer in the snowpack causes a bridging effect over the 
pillow and effects the weight measured by the pillow. Calculating SWE from the weight on top 
of the snow pillow assumes that only snow is on top of the sensor. Woody debris could fall into 
the footprint and contribute to the measured weight. Blowing snow can cause drifts to form on 
the snow pillow and can also blow snow off of the sensor (Sorteberg et al., 2001). This 
phenomenon could cause the measured SWE to be higher or lower than the surrounding area. 
Finally, the snow pillows used at the varying SNOTEL and SCAN sites are not uniform. Most of 
the pillows are a 10 ft diameter hypalon pillow, but the size can range from 6 to 12 ft, sometimes 
they are configured with multiple pillows and the material can also be steel. These variations in 
size and material can cause small differences in measurements for the same SWE. These 
potential errors in the SWE measurements are important to note, however the concern for this 
study is the date of maximum measured SWE. Therefore small errors in measurement of the 
magnitude of SWE are unlikely to cause major error.  
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 There is uncertainty as to the timing of snowpack depletion relative to the DAV MOD. 
The snowpack may begin to release melt water when the DAV and Tb thresholds are met or it 
may take multiple days of high DAV and Tb. This site-to-site and year-to-year variation presents 
a challenge in comparing to in situ SWE data. This also supports the differences among DAV 
methods used to conduct site specific analysis. It is clear from past studies that the DAV method 
corresponds well to increased discharge at stream gauging sites (Apgar et al., 2007; Ramage & 
Isacks, 2002). Thus, an alternative approach for validation may use discharge. However, this too 
has challenges. The lack of snowpack wetness measurements means that a proxy must be used to 
determine the MOD. The available observed datasets thus are likely an imperfect indicator of 
MOD.  
 Another source of error is due to differences in scale. The predicted MOD for each pixel 
was compared to an observed MOD at an in situ location. Each pixel is 625 km2. A single pixel 
may have large variances in topography, forest cover, as well as snowpack and snowmelt 
characteristics. All of these factors are aggregated by the satellite observation to provide one Tb 
value for each pixel. The observed MOD is determined using in situ measurements from a snow 
pillow. Most snow pillows are placed in an opening, which is unlikely to be characteristic of the 
satellite pixel. The site may differ in elevation, which would, in turn, impact melt timing. 
Additionally, the site may have a shallower or deeper snowpack than the majority of the satellite 
pixel. Clearly, there is considerable uncertainty regarding the actual MOD at each site. There is 
also uncertainty regarding how well the site represents the melt timing across the entire region 
captured by the satellite pixel. MODIS imagery is useful in its ability to estimate the amount of 
snow covered area a high resolution within the pixels. However, regular cloud cover, particularly 
in Alaska throughout winter, make it difficult to obtain reliable snow covered area information 
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on a daily basis. Considering these potential errors, the results from this study show strong 
promise. The method also are one of very few means to capture melt timing differences across a 
landscape as well as over time (Semmens & Ramage, 2013; Tedesco et al., 2009).  
Comparison of DAV MOD Algorithm Alaska Results to Previous Studies 
 The DAV algorithms tested for Alaska all performed adequately in predicting the MOD 
for pixels containing SNOTEL stations. Previous studies have had success using the DAV 
method in extreme latitudes, such as the Arctic, Canada, Alaska, Greenland, Patagonia and 
Antarctica. Ramage and Isacks (2002) first introduced the DAV method using Tb from the 
SSM/I sensor to determine melt onset, the period of melt characterized by high DAV, and 
refreeze on icefields in southeastern Alaska.  They established static thresholds for DAV and 
average daily Tb of 10 and 246 K, respectively. Their study found that the DAV estimated melt 
timing visually matched the changes in the hydrograph of the study stream gage. Ramage et al. 
(2006) used the same method and thresholds as the 2002 study in the Wheaton River of the 
Yukon Territory. The Wheaton River basin is characterized by seasonal snow cover, but showed 
similar performance to the 2002 study on perennial snow covered icefields of southeast Alaska. 
The spring rise in the hydrograph followed the end of intense refreeze cycles characterized by 
high DAV by less than 5 days approximately 90% of the time for their 1988 – 2002 study period. 
Apgar et al. (2007) evaluated the use of AMSR-E Tb in the same Wheaton River basin as the 
earlier Ramage et al. (2006) study. They found that using average daily Tb and DAV thresholds 
of 252 and 18 K, respectively, correlated well with the SSM/I melt onset thresholds. The 
difference in melt onset between the two sensors was never more than two days for the six pixels 
analyzed for 2004 and 2005. Tedesco et al. (2007) and Tedesco (2007) utilized SSM/I Tb at the 
19.35 and 37 GHz frequencies to map melt extent over Antarctica and Greenland. Both studies 
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validated the DAV method using the NASA Quick Scatterometer (QuikSCAT) active microwave 
to detect melt.  Using the Ramage and Isacks (2002) DAV method, Kopczynski et al. (2008) 
studied the Matanuska Glacier in southern Alaska. They predicted the snowmelt flood peak 
timing within 5 days despite the basin having a mix of perennial snow covered glacier and 
seasonally snow covered ground. In addition to stream discharge observations, this study also 
confirmed the assessed melt thresholds using temperature profiles and snow pit measurements of 
snow wetness.  
 Tedesco et al. (2009) extended the DAV method by quantifying the Tb threshold for 
individual pixels using the bimodal distribution of the Tb data for wet and dry conditions. They 
applied the method to develop a time series of melt onset timing for the pan arctic’s terrestrial 
region. This study was also validated using QuikSCAT data. A study on the Southern Patagonia 
Icefield of Chile and Argentina was able to develop a time series of melt onset and melt-refreeze 
period using AMSR-E Tb from 2002 to 2008 and Apgar et al. (2007) thresholds (Monahan & 
Ramage, 2010). A 2008 study used the higher resolution Level 2A elliptical AMSR-E Tb (87.9 
km2), rather than the resampled EASE-Grid Tb (625 km2), to evaluate melt onset using DAV in 
the southern Sierra Nevada mountains of California (Li et al., 2012). They were able to detect the 
MOD with an RMSE of 5 days as compared to the date of melt onset from in situ SWE 
measurements. They determined the in situ MOD by visually using the break in slope in the 
nievograph at the beginning of the ablation period. Another time series study used the Ramage 
and Isacks (2002) SSM/I thresholds to construct a time series from 1988 – 2010 of melt onset 
and refreeze timing, and the duration of the melt period for the 13 sub-basins of the 853,300 km2 
Yukon River basin in Alaska (Semmens & Ramage, 2013). The research found that melt onset is 
trending earlier in the higher elevations and northernmost sub-basins and the melt period is 
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lengthening for the majority of the basins. Many of these previous studies focused on icefields 
and glaciers, which have perennial ice and snow. A major distinction of my research is that the 
study sites are located in the mid-latitudes and have seasonal snowpacks. The snowpack at these 
sites vary greatly from one another, but they all have periods of bare ground in some non-winter 
months.  
 Validation for the DAV method has proven difficult due to the large spatial scale of the 
passive microwave pixels and variation of the snowpack characteristics. Many previous studies 
have used stream discharge time series to validate both qualitatively and quantitatively. This 
technique typically compares the DAV detected melt onset date for the pixels in a basin to the 
timing of the rise in the hydrograph at the basin’s outlet. Two studies have used in situ snowpack 
measurements for validation. Kopczynski et al. (2008) dug snow pits to monitor the snow 
temperature and wetness to compare to the Tb time series. Li et al. (2012) used daily snow 
course data to validate their findings in the Sierra Nevada mountains. Both of these studies 
focused on small study areas and calibrated their thresholds for these specific study areas. My 
research sought to use methods that allow thresholds to vary from pixel to pixel automatically, 
without manual calibration. All of the validation data for my research is in situ SWE 
measurements. Additionally, many of these studies sought to pinpoint multiples periods of the 
spring snowmelt season. This generally included melt onset, melt duration and end of melt 
period. The research presented here is focused on the date of melt onset and associating this date 
with the final and major springtime melt of the snowpack.  
 The Static and Dynamic DAV methods evaluated for the Alaska SNOTEL sites were 
outperformed by the three percentile methods. The Static DAV method produced good timing 
centered around the 1:1 line and error statistics only slightly higher than the percentile methods. 
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However, the method also fails to detect melt onset in nearly 12% of cases. With a high number 
of non-detects, the thresholds are clearly too high in some cases. Previous studies typically need 
to calibrate thresholds for each site. Thus, this studies finding that constant Tb and DAV 
thresholds are not the best choice for all of the Alaska sites is not unexpected. An advancement 
on these methods is the use of percentiles to develop local thresholds.  
 The Dynamic method is biased towards an early MOD as compared to the Static method. 
The method never fails to determine a MOD, though the MAE is ten days larger than all three of 
the percentile methods and seven days greater than the Static method. This method to evaluate of 
melt onset in the Arctic and utilizes bimodal Tb distributions caused by wet and dry snow 
between January and August (Tedesco et al., 2009). My Alaska sites all have bare ground by 
August 1st each year. Thus, the Tb of bare ground is included in the Dynamic DAV analysis for 
durations that vary by station and year. In order to realistically isolate the bimodal distribution 
between wet and dry snow pixels as developed by Tedesco et al. (2009), an approach that only 
uses Tb values when snow is present might have more success.  
 The Long Term and Previous Year methods have similar performance and share the 
advantage of being usable operationally. Neither the Long Term nor Previous Year methods 
failed to detect a melt onset date. Although the MAE is lower for the Previous Year method, this 
may be due to it being analyzed for one fewer year than the other two methods. This analysis 
found that the Previous Year method produced the best results, however this results are 
inconclusive due to a shorter time period for this method relative to the Annual and Long Term 
methods. The Long Term and Previous Year methods indicate promising results for detecting the 
MOD and should be considered for operational use. 
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 The Annual method performed similarly to the Long Term and Previous Year methods. 
Using thresholds based on the current year’s data produces a small error and never fails to detect 
a MOD. Retrospective analysis of melt onset timing using the DAV is well served by the Annual 
method. If the DAV algorithm is to be used operationally, then the Long Term and Previous 
Year methods outperform the Static method.  
 The linear regression model provides a means to map the annual Tb and DAV values 
based on physical parameters. This model might be used in combination with the Annual method 
to perform melt detection for the entire Alaska region. The Tb threshold is well characterized by 
the latitude and distance from the coast, with r2 values of 0.568 and 0.531, respectively. It is 
likely that the highest 65th percentile Tb values, farther north and away from the coast, are due to 
higher summer temperatures inland as compared to the coast. A review of annual Tb cycles 
showed that sites farther north and away from the coast have lower winter Tb values and higher 
summer Tb values. When the Tb increases due to the transition from wet to dry snow, this 
increase is larger for the inland and northern locations than it is for the southern coastal regions.  
 The annual DAV threshold has a significant relationship with elevation and distance from 
the coast, but with less explanatory value than the Tb model. The increase with elevation may be 
due to colder nighttime temperatures at higher elevations. The difference between nighttime and 
daytime temperatures would be expected to be greater at higher elevations during melt onset, 
thereby resulting in an increased DAV. The increase in DAV with distance from the coast is 
likely due to the change in Tb distribution between coastal and inland pixels. Inland pixels have 
lower winter Tb and higher summer Tb values than coastal pixels. Therefore, the DAV for inland 
pixels is higher due to lower nighttime dry snow Tb and higher wet snow and summer Tb.  
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 Frequency Difference 
 The Frequency Difference method did not perform as well as the DAV method for the 
Alaska study sites, but did outperform the DAV method in some areas of the continental US. 
Previous research has shown success in detecting snowmelt using the difference in Tb between 
two frequencies. Ulaby and Stiles (1981) had determined that the presence of liquid water in a 
snowpack increases attenuation and reduces scattering, which leads to a higher emission close to 
that of a black body. They found that for dry snowpacks there is a large difference in brightness 
temperature between low frequencies, 8-18 GHz, and high frequency, 37 GHz, but the difference 
considerably decreases for wet snow. Steffen et al. (1993) developed the gradient ratio to detect 
wet snow pixels in Greenland using the SMMR and SSM/I sensors. The gradient ratio was 
calculated using the following equation and evaluated for May to September of 1990: 
!" = $%&'()$%*+($%&'(,$%*+(	      (17) 
They found that sharp decreases in the gradient ratio matched the rise in air temperature above 
0°C at the local meterological station.  
 Abdalati and Steffen (1995) then developed the cross-polarized gradient ratio to map melt 
extent across Greenland for the years 1988-1991. They developed the following equation using a 
combination of H-pol and V-pol channels in order to amplify the effect of wet snow on the Tb 
signal: ./!" = $%&'()$%*+0$%&'(,$%*+0	      (18) 
They combined both polarizations, because they found that the horizontal melt signal is stronger 
than the vertical melt signal. The XPGR threshold of -0.025 for the SSM/I sensor was validated 
using in situ snow liquid water content measurements at one study site. Using the XPGR, 
Abdalati and Steffen (1997) then mapped melt extent in Greenland using the SMMR and SSM/I 
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sensors for the years 1979-1991. They found that the melt area increases at a rate of 4.4% per 
year for the time period. This increase in melt area corresponded well with the 1.1°C increase in 
coastal air temperatures.  
 Takala et al. (2003) modified the method to detect and map snowmelt onset for the boreal 
forests of Finland using the SSM/I sensor for the years 1997 and 1998. They established that the 
melt onset to be when the following three conditions were met for multiple days in a row: 
12345 − 12785 > −21	<     (19) 1234= − 12785 < −10	<     (20) −5°	B < 1CDEF < 5°	B     (21) 
These thresholds were established using two test sites that measure liquid water content in the 
snowpack. One test site was in northern Finland and the other in southern Finland. The surface 
temperature condition was used to differentiate between bare ground and snow. Takala et al. 
(2007) then applied this Channel Difference Algorithm to the AMSR-E sensor to map melt onset 
timing for 2004 and 2005 in Eurasia. They replaced the SSM/I Tb with the 36.5 and 18.7 GHz 
AMSR-E Tb and applied a dry snow detection algorithm to confirm the presence of snow in the 
pixel. Dry snow was detected with the following equations: 
GH = 15.9(127L.4= − 123M.N5)    (22) GH > 80, 123M.N5 < 250	<	RST	123M.N= < 240	<  (23) 
Melt was detected when the Channel Difference Algorithm exceeded the thresholds and the dry 
snow detection algorithm indicated the presence of dry snow at least once in the previous six 
days.  
 98 
 
 Wang et al. (2013) used Tb time series from three passive microwave sensors to develop 
a pan-Arctic dataset melt onset for 1979-2011. Their method is discussed in detail in section 
2.2.2. The melt timing was validated using a QuikSCAT melt onset detection algorithm 
developed by Wang et al. (2008). The Frequency Difference method presented here uses the 
Wang et al. (2013) method with equivalent AMSR-E frequencies and adds the Tb threshold to 
the detection algorithm. Additionally, the thresholds for the FD method vary from pixel to pixel 
using the percentile method, rather than remaining fixed for all locations. Finally this research 
evaluates the ability of the FD method to detect melt onset in the mid-latitudes of the continental 
US in addition to the extreme latitude of Alaska.  
 Polarization Ratio 
 The Polarization Ratio has a history of detecting the difference between bare ground and 
wet snow as well as the ice layer caused by refreeze after a rain-on-snow event. Walker and 
Goodison (1993) determined that the difference between the H-pol and V-pol 37 GHz SSM/I Tb 
could be used to detect the difference between wet snow and bare ground in the Canadian 
prairies. They found that when snow becomes wet, the SSM/I SWE signal goes to zero even 
though snow is still present. Using a polarization difference of 10 K, they were able to identify 
areas with a SWE of zero and a polarization difference greater than 10 K as wet snow pixels. 
They also found that there was not a difference between the polarization difference of wet and 
dry snow covered pixels. These results indicate that the decreasing Polarization Ratio observed 
during the melting phase of the SNOTEL stations’ SWE time series may be the transition of the 
pixel from wet snow to bare ground.  
 Grenfell and Putkonen (2008) developed the Polarization Ratio used in this research to 
detect the ice lens formed after rain-on-snow events on Banks Island in Canada between 2002 
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and 2004. They determined that the PR increases due to the ice layer in the snowpack. Rees et al. 
(2010) measured the effects of an ice layer on top of the snowpack when a rain-on-snow event 
occurred immediately before a scheduled field campaign using ground-based passive microwave 
radiometers in the Northwest Territories, Canada. By measuring the snowpack with and without 
an ice layer, they were able to determine that the ice had little effect on the V-pol 19 and 37 GHz 
Tb signals. However, the H-pol Tb was greatly affected at all frequencies. The greatest Tb 
change with and without an ice layer was observed for the H-pol 19 GHz channel. They found 
that larger scale AMSR-E also detected the rain-on-snow event in the study area with the same 
Tb signals.  
 During a 2007 snow survey near Daring Lake in the Northwest Territories, Canada,  
Derksen et al. (2009) also experienced a rain-on-snow event that created an ice lens in the 
snowpack. They used the AMSR-E 36.5 GHz polarization gradient (V-pol – H-pol) to detect 
areas that experienced the ROS event and validated the finding using in situ measurements. They 
confirmed that the H-pol channel showed a strong reaction to the ice lens, while the V-pol was 
relatively unaffected. My research is focused on detecting the end of season melt event rather 
than mid-season ROS events. Therefore, the transition from dry snow to wet snow to bare 
ground is the process that may be identified using the PR at the SNOTEL and SCAN sites. Based 
on these studies, it is likely that some of my studies’ early detects using the PR are in fact ice 
layers or lenses.  
 Methods Performance 
 The DAV method has been successfully applied to study areas in Alaska by a number of 
recent studies (Kopczynski et al., 2008; Ramage & Isacks, 2002; Semmens & Ramage, 2013). 
Therefore, it is not unexpected that the DAV method performs well for the Alaska sites and 
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better than the Frequency Difference or Polarization Ratio methods. The DAV method produces 
a mean absolute error (MAE) of just 9.4 days, as compared to the FD and PR methods 12.5 and 
11.9 days, respectively. Based on these results, the DAV method is recommended to predict melt 
onset timing for the Alaska region.  
 For the mid-latitude continental US sites, the results are less clear. In the northeastern 
US, there are only two stations in New Hampshire and two stations in Vermont. It is clear that, 
despite the limited data, the FD and DAV methods show marked promise in New Hampshire and 
Vermont. In New Hampshire, the FD method provides the best results, but all three methods 
indicate positive results. In Vermont, the DAV method narrowly outperforms the FD method. 
Given the limited daily SWE data in the northeast, the ability to detect the onset of melt in the 
spring throughout the region using satellite observations would be quite valuable for water 
resources applications including reservoir management and flood forecasting.  
 For the mountainous regions of Colorado and Utah, all three methods show very 
encouraging results. Notably the DAV method struggles at the eastern sites in Colorado, while 
the FD method performs markedly better. Further south in Arizona and New Mexico, the PR 
method has improved performance over the other two methods. Likewise, the PR method 
appears outperforms the other two in the Sierra Nevada region of California. It is not clear the 
process that produces these results, but the improvement is noteworthy. Meanwhile, each of the 
three methods fail to produce optimistic results in Oregon and Washington. These regions that 
are characterized by poor performance share a pattern of daily melt and refreeze cycles caused 
by warm, above freezing daytime temperatures and cold nighttime temperatures. This daily melt-
refreeze cycle is the process that the DAV method uses to detect melt onset and thus creates 
difficulty discerning the end of season melt event from daily wetting and refreezing that occurs 
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all winter. The FD and PR methods largely failed to improve results in these regions as the 
winter time series have too much variability to determine the precise transition to the melt 
period.  
 Northern sites that are further inland, Idaho, Montana and Wyoming, have promising 
results for all three of the methods. There are distinct clusters of both strong and weak 
performance. The two stations in western South Dakota show some of the best performance of 
all the study sites. The nearby Wyoming station also shows very good results. Unfortunately, 
these are the only three stations in the region. It is recommended that additional studies be 
conducted to understand the detection capabilities of these methods for the Northern Great Plains 
region.  
 The performance of each of the three methods was also evaluated for peak SWE value 
and percent tree cover. Figure 3-42 indicates that none of the three methods perform well when 
there is a shallow snowpack. Measured snowpack peak SWE values less than about 300 mm 
indicate a high bias towards early melt detection. Particularly, when the peak SWE value is less 
than 50 mm, all three methods detect melt more than a month before the peak SWE occurs. This 
may be a result of the pixel having a lot of bare ground, as seen in the example analyzed with 
MODIS imagery in Section 3.1.1. Additionally there may be a threshold of snow depth required 
for the microwave signal to be sufficiently scattered and indicate characteristics of the snowpack. 
Regardless of the cause, it is clear that the melt onset detection algorithms evaluated in this 
research are not recommended for shallow snowpacks. Analysis of the performance of each 
method against the average percent tree cover in the pixel did not display as clear of a trend as 
peak SWE. Low values of tree cover up to about 40% show similar performance among each 
method and then the bias becomes increasingly negative with higher tree cover percentages. As 
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previously discussed, one possible explanation is that the open areas in which snow pillows are 
located are not representative of the surrounding area for more forested areas. The snowpack is 
expected to melt earlier in open areas than in the forest, causing a lag between the in situ 
measured peak SWE date and the detected melt onset date using the brightness temperature of 
the pixel. However, the amount of noise in Figure 3-43 makes it difficult to draw any definitive 
conclusions on the effect of tree cover on the performances of the melt onset detection 
algorithms evaluated.  
 This research provides a preliminary analysis as to where each method has potential and 
should be considered as an option. The Alaska, Rocky Mountains, Great Plains and Northeast 
regions have great promise for one or more of the methods to be successful in detecting the onset 
of snowmelt. A next step is more detailed study for those regions. Further evaluation of the 
methods using Level 2A elliptical AMSR-E Tb could provide improved results for a small study 
area as indicated by Li et al. (2012). Focusing on small study areas could significantly reduce the 
errors discussed in this research including the large pixel sizes and difficulty of automating 
validation using the peak SWE date. Overall, this study’s results indicate that passive microwave 
remote sensing offers a means to identify melt onset in mid-latitudes. Because in situ 
observations are relatively sparse, microwave Tb can provide a means to capture variations in 
space and across years. While the performance is not ideal, the methods offer a unique 
perspective on snowpack condition.  
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 – CONCLUSION 
Three methods for detecting snowmelt onset using AMSR-E passive microwave 
brightness temperature were evaluated for 763 SNOTEL and SCAN sites in the United States. 
The research evaluated where passive microwave Tb melt onset algorithms show promise, 
particularly in the continental United States where little research has previously been conducted. 
The melt onset date (MOD) determined by the three algorithms was compared to the peak SWE 
date measured by in situ snow pillows at each SNOTEL or SCAN site. The DAV approach was 
studied in detail at the 27 SNOTEL sites in the Alaska region, where the DAV methods have 
shown previous success. Of the five DAV methods were evaluated for the Alaska stations, the 
Annual, Long Term and Previous Year methods performed the best. The mean absolute errors 
between DAV MOD and peak SWE date using these methods were in the range of 8 to 9 days. 
The results showed that the Tb and DAV thresholds are not constant, but depend on physical 
parameters. The Tb threshold was found to be well characterized by the latitude and distance 
from the coast, with r2 values of 0.568 and 0.531, respectively. The annual DAV threshold had a 
significant relationship with elevation and distance from the coast, with r2 values of 0.182 and 
0.175, respectively. The Frequency Difference and Polarization Ratio methods also performed 
well in Alaska as well with mean absolute errors of 12.5 and 11.9 days, respectively.  
In the continental US, a mean absolute error of less than three weeks was produced by at 
least one of the methods in each of Arizona, Colorado, Idaho, Montana, Nevada, New 
Hampshire, New Mexico, South Dakota, Utah, Vermont and Wyoming. None of the study’s 
methods are recommended for California, Minnesota, Oregon and Washington. However, select 
sites or regions did show promise. Additionally, the performance of each method compared to 
the peak SWE value indicated that all three methods have a biased towards detecting melt onset 
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too early relative to the peak SWE date for sites with a peak SWE less than about 300 mm. 
Therefore the methods are not recommended when a shallow snowpack is present.  
This study is the first to examine the three methods simultaneously. In some states, there 
is one recommended method. The DAV method clearly produced the best MOD estimates in 
Alaska and Vermont. The FD method worked much better than the other two methods in South 
Dakota. The PR method yielded the best results in Arizona. The remaining states did not have an 
algorithm that worked notably better than the others and could produce good results with more 
than one of the melt onset detection methods.  
Mapping the performance by station gave greater insight into regional performances and 
differences among methods. Notably all three perform very well in Utah and western Colorado, 
but there is a stark difference in performance in central Colorado. The DAV method struggles for 
these stations in the Front Range, while the FD method works quite well. Central Wyoming and 
into South Dakota show good results for all three methods, despite there being relatively few 
sites. While all of the methods largely fail in the northern Sierra Nevada, results improve further 
south, especially for the PR method. Finally all three methods struggle in the Cascade Mountain 
of Oregon, but results improve moving north into Washington.  
Recommendations for improvement include algorithm refinement, the use of the smaller 
elliptical footprint of the Level 2A AMSR-E Tb, and further investigation into the precise date of 
melt onset for a study site. Potential algorithm enhancements to specific regional calibrations 
could greatly improve results. Calibrations might adjust the detection thresholds or require 
multiple days threshold exceedance for melt detection.  
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This study found that passive microwave brightness temperature successfully detects the 
onset of the spring snowmelt in many regions of the United States. In data scarce regions, 
passive microwave Tb can provide vital information on the state of the snowpack to flood 
forecasters and reservoir operators. There is potential to model and predict the magnitude, extent 
and timing of spring snowmelt by combining these melt detection algorithms with other remotely 
sensed snow products such as snow covered area and SWE. In the absence of ground based snow 
measurements, passive microwave melt detection algorithms could provide important 
information on snowmelt and stream discharge timing.   
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APPENDIX A – Station Inventory 
Station 
Id Station Name State Network 
Elevation 
(m) Latitude Longitude 
301 Adin Mtn California SNOTEL 1887 41.2358 -120.7919 
302 Aneroid Lake #2 Oregon SNOTEL 2256 45.2133 -117.1926 
303 Apishapa Colorado SNOTEL 3048 37.3306 -105.0675 
304 Arbuckle Mtn Oregon SNOTEL 1759 45.1909 -119.2539 
305 Arrow Colorado SNOTEL 2950 39.9155 -105.7608 
306 Atlanta Summit Idaho SNOTEL 2310 43.7569 -115.2391 
307 Badger Pass Montana SNOTEL 2103 48.1309 -113.0232 
308 Baker Butte Arizona SNOTEL 2225 34.4566 -111.4064 
309 Bald Mtn. Wyoming SNOTEL 2859 44.8007 -107.8444 
310 Baldy Arizona SNOTEL 2781 33.9788 -109.5034 
311 Banfield Mountain Montana SNOTEL 1707 48.5712 -115.4457 
312 Banner Summit Idaho SNOTEL 2146 44.3034 -115.2345 
313 Barker Lakes Montana SNOTEL 2515 46.0971 -113.1304 
314 Base Camp Wyoming SNOTEL 2143 43.9458 -110.4468 
315 Basin Creek Montana SNOTEL 2188 45.7974 -112.5205 
316 Bateman New Mexico SNOTEL 2835 36.5122 -106.3213 
317 Battle Mountain Wyoming SNOTEL 2268 41.0541 -107.2661 
318 Beagle Springs Montana SNOTEL 2697 44.4715 -112.9819 
319 Bear Basin Idaho SNOTEL 1631 44.9522 -116.1429 
320 Bear Canyon Idaho SNOTEL 2408 43.7437 -113.9380 
321 Bear Creek Nevada SNOTEL 2451 41.8342 -115.4522 
322 Bear Lake Colorado SNOTEL 2896 40.3112 -105.6448 
323 Bear Mountain Idaho SNOTEL 1646 48.3058 -116.0745 
324 Bear Saddle Idaho SNOTEL 1884 44.6055 -116.9801 
325 Bear Trap Meadow Wyoming SNOTEL 2499 43.8874 -107.0614 
326 Beartooth Lake Wyoming SNOTEL 2853 44.9431 -109.5674 
327 Beartown Colorado SNOTEL 3536 37.7141 -107.5121 
328 Beaver Creek Montana SNOTEL 2393 44.9497 -111.3585 
329 Beaver Dams Utah SNOTEL 2435 39.1368 -111.5581 
330 Beaver Divide Utah SNOTEL 2524 40.6123 -111.0978 
331 Beaver Reservoir Oregon SNOTEL 1570 45.1453 -118.2190 
332 Ben Lomond Peak Utah SNOTEL 2438 41.3760 -111.9441 
333 Ben Lomond Trail Utah SNOTEL 1777 41.3828 -111.9211 
334 Berry Creek Nevada SNOTEL 2774 39.3192 -114.6228 
335 Berthoud Summit Colorado SNOTEL 3444 39.8039 -105.7779 
336 Big Bend Nevada SNOTEL 2042 41.7617 -115.6931 
337 Big Creek Sum Nevada SNOTEL 2650 39.2916 -117.1142 
338 Big Creek Summit Idaho SNOTEL 2006 44.6264 -115.7937 
339 Big Flat Utah SNOTEL 3154 38.3018 -112.3567 
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Station 
Id Station Name State Network 
Elevation 
(m) Latitude Longitude 
340 Big Meadow Nevada SNOTEL 2514 39.4550 -119.9422 
341 Big Red Mountain Oregon SNOTEL 1844 42.0526 -122.8549 
342 Big Sandy Opening Wyoming SNOTEL 2768 42.6468 -109.2597 
343 Bigelow Camp Oregon SNOTEL 1564 42.0788 -123.3439 
344 Billie Creek Divide Oregon SNOTEL 1609 42.4072 -122.2662 
345 Bison Lake Colorado SNOTEL 3316 39.7649 -107.3568 
346 Bisson Creek Montana SNOTEL 1500 47.6839 -113.9990 
347 Black Bear Montana SNOTEL 2490 44.5083 -111.1280 
348 Black Flat-U.M. Ck Utah SNOTEL 2884 38.6798 -111.5977 
349 Black Pine Montana SNOTEL 2198 46.4140 -113.4310 
350 Blackwater Wyoming SNOTEL 2981 44.3767 -109.7933 
351 Blazed Alder Oregon SNOTEL 1113 45.4287 -121.8561 
352 Blewett Pass Washington SNOTEL 1292 47.3504 -120.6796 
353 Blind Bull Sum Wyoming SNOTEL 2637 42.9640 -110.6097 
354 Blind Park South Dakota SNOTEL 2100 44.1077 -103.9769 
355 Bloody Dick Montana SNOTEL 2316 45.1651 -113.5010 
356 Blue Lakes California SNOTEL 2456 38.6078 -119.9244 
357 Blue Mountain Spring Oregon SNOTEL 1789 44.2477 -118.5172 
358 Bone Springs Div Wyoming SNOTEL 2850 44.6789 -107.5811 
359 Bostetter R.S. Idaho SNOTEL 2286 42.1639 -114.1925 
360 Boulder Mountain Montana SNOTEL 2423 46.5596 -111.2897 
361 Bourne Oregon SNOTEL 1783 44.8305 -118.1879 
362 Bowman Springs Oregon SNOTEL 1381 45.3643 -118.4672 
363 Box Canyon Montana SNOTEL 2033 45.2719 -110.2490 
364 Box Creek Utah SNOTEL 2996 38.5080 -112.0186 
365 Brackett Creek Montana SNOTEL 2231 45.8911 -110.9385 
366 Brighton Utah SNOTEL 2667 40.5992 -111.5827 
367 Brooklyn Lake Wyoming SNOTEL 3121 41.3589 -106.2321 
368 Brown Duck Utah SNOTEL 3231 40.5810 -110.5858 
369 Brumley Colorado SNOTEL 3231 39.0877 -106.5417 
370 Brundage Reservoir Idaho SNOTEL 1905 45.0432 -116.1325 
371 Buck Flat Utah SNOTEL 2874 39.1340 -111.4373 
373 Buckskin Lower Nevada SNOTEL 2108 41.7507 -117.5318 
374 Bug Lake Utah SNOTEL 2423 41.6847 -111.4192 
375 Bumping Ridge Washington SNOTEL 1405 46.8100 -121.3306 
376 Bunchgrass Mdw Washington SNOTEL 1524 48.6869 -117.1763 
377 Burgess Junction Wyoming SNOTEL 2402 44.7877 -107.5292 
378 Burro Mountain Colorado SNOTEL 2865 39.8751 -107.5985 
379 Burroughs Creek Wyoming SNOTEL 2667 43.6973 -109.6702 
380 Butte Colorado SNOTEL 3097 38.8943 -106.9530 
381 Calvert Creek Montana SNOTEL 1960 45.8838 -113.3255 
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Station 
Id Station Name State Network 
Elevation 
(m) Latitude Longitude 
382 Camas Creek Divide Idaho SNOTEL 1740 43.2655 -115.3453 
383 Camp Jackson Utah SNOTEL 2733 37.8133 -109.4872 
384 Canyon Wyoming SNOTEL 2399 44.7196 -110.5108 
385 Carrot Basin Montana SNOTEL 2743 44.9619 -111.2940 
386 Cascade Colorado SNOTEL 2707 37.6508 -107.8060 
387 Cascade #2 Colorado SNOTEL 2719 37.6580 -107.8027 
388 Cascade Summit Oregon SNOTEL 1554 43.5904 -122.0601 
389 Casper Mtn. Wyoming SNOTEL 2408 42.7339 -106.3186 
390 Castle Valley Utah SNOTEL 2920 37.6608 -112.7410 
391 Cedar Pass California SNOTEL 2143 41.5823 -120.3025 
392 Chalk Creek #1 Utah SNOTEL 2741 40.8545 -111.0478 
393 Chalk Creek #2 Utah SNOTEL 2487 40.8853 -111.0693 
394 Chamita New Mexico SNOTEL 2560 36.9564 -106.6568 
395 Chemult Alternate Oregon SNOTEL 1478 43.2263 -121.8066 
396 Chepeta Utah SNOTEL 3228 40.7745 -110.0105 
398 Clackamas Lake Oregon SNOTEL 1036 45.0966 -121.7544 
399 Clear Creek #1 Utah SNOTEL 2715 39.8667 -111.2836 
400 Clear Creek #2 Utah SNOTEL 2334 39.8927 -111.2518 
401 Clear Lake Oregon SNOTEL 1161 45.1883 -121.6916 
402 Cloud Peak Reservoir Wyoming SNOTEL 3005 44.4034 -107.0606 
403 Clover Meadow Montana SNOTEL 2621 45.0179 -111.8456 
405 Cold Springs Wyoming SNOTEL 2935 43.2768 -109.4459 
406 Cold Springs Camp Oregon SNOTEL 1811 42.5331 -122.1768 
407 Cole Creek Montana SNOTEL 2393 45.1941 -109.3455 
408 Columbine Colorado SNOTEL 2792 40.3948 -106.6041 
409 Columbine Pass Colorado SNOTEL 2865 38.4180 -108.3825 
410 Combination Montana SNOTEL 1707 46.4652 -113.3936 
411 Cool Creek Idaho SNOTEL 1914 46.7636 -115.2953 
412 Copeland Lake Colorado SNOTEL 2621 40.2078 -105.5686 
413 Copper Bottom Montana SNOTEL 1585 47.0568 -112.5950 
414 Copper Camp Montana SNOTEL 2118 47.0816 -112.7296 
415 Copper Mountain Colorado SNOTEL 3216 39.4895 -106.1710 
416 Coronado Trail Arizona SNOTEL 2560 33.8039 -109.1528 
417 Corral Canyon Nevada SNOTEL 2591 40.2778 -115.5347 
418 Corral Pass Washington SNOTEL 1768 47.0187 -121.4646 
419 Cottonwood Creek Wyoming SNOTEL 2338 42.6459 -110.8148 
420 Cougar Mountain Washington SNOTEL 975 47.2767 -121.6714 
422 County Line Oregon SNOTEL 1472 45.1911 -118.5502 
423 Cozy Cove Idaho SNOTEL 1640 44.2878 -115.6553 
424 Crab Creek Idaho SNOTEL 2091 44.4367 -111.9935 
425 Crater Meadows Idaho SNOTEL 1817 46.5631 -115.2883 
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Station 
Id Station Name State Network 
Elevation 
(m) Latitude Longitude 
426 Crosho Colorado SNOTEL 2774 40.1675 -107.0575 
427 Crystal Lake Montana SNOTEL 1844 46.7894 -109.5121 
428 Css Lab California SNOTEL 2089 39.3257 -120.3681 
430 Culebra #2 Colorado SNOTEL 3200 37.2095 -105.1996 
431 Cumbres Trestle Colorado SNOTEL 3060 37.0188 -106.4518 
432 Currant Creek Utah SNOTEL 2438 40.3575 -111.0899 
433 Daly Creek Montana SNOTEL 1762 46.1837 -113.8533 
434 Daly Lake Oregon SNOTEL 1125 44.5215 -122.0872 
435 Daniels-Strawberry Utah SNOTEL 2450 40.2952 -111.2568 
436 Darkhorse Lake Montana SNOTEL 2621 45.1737 -113.5846 
437 Deadman Creek Montana SNOTEL 1966 46.7928 -110.6755 
438 Deadman Hill Colorado SNOTEL 3115 40.8057 -105.7699 
439 Deadwood Summit Idaho SNOTEL 2091 44.5448 -115.5630 
440 Derr. Oregon SNOTEL 1783 44.4465 -119.9301 
442 Diamond Lake Oregon SNOTEL 1609 43.1879 -122.1400 
443 Diamond Peak Nevada SNOTEL 2448 39.5637 -115.8433 
444 Dill's Camp Utah SNOTEL 2799 39.0455 -111.4686 
445 Disaster Peak Nevada SNOTEL 1981 41.9674 -118.1894 
446 Dismal Swamp California SNOTEL 2243 41.9913 -120.1803 
448 Divide Montana SNOTEL 2377 44.7932 -112.0565 
449 Divide Peak Wyoming SNOTEL 2707 41.3040 -107.1524 
450 Dollarhide Summit Idaho SNOTEL 2566 43.6025 -114.6742 
451 Dome Lake Wyoming SNOTEL 2707 44.5746 -107.2954 
452 Donkey Reservoir Utah SNOTEL 2987 38.2093 -111.4825 
453 Dorsey Basin Nevada SNOTEL 2469 40.8933 -115.2048 
454 Draw Creek Nevada SNOTEL 2195 41.6620 -115.3240 
455 Dry Bread Pond Utah SNOTEL 2545 41.4130 -111.5378 
457 Dry Lake Colorado SNOTEL 2560 40.5340 -106.7813 
458 Dupuyer Creek Montana SNOTEL 1753 48.0634 -112.7573 
460 East Rim Divide Wyoming SNOTEL 2417 43.1310 -110.2023 
461 East Willow Creek Utah SNOTEL 2530 39.3120 -109.5318 
462 Ebbetts Pass California SNOTEL 2672 38.5496 -119.8047 
463 Echo Peak California SNOTEL 2338 38.8490 -120.0785 
464 Eilertson Meadows Oregon SNOTEL 1679 44.8689 -118.1139 
465 El Diente Peak Colorado SNOTEL 3048 37.7862 -108.0216 
466 Elk Butte Idaho SNOTEL 1734 46.8400 -116.1223 
467 Elk River Colorado SNOTEL 2652 40.8478 -106.9687 
468 Elkhart Park G.S. Wyoming SNOTEL 2865 43.0066 -109.7589 
469 Emery Creek Montana SNOTEL 1326 48.4341 -113.9373 
470 Emigrant Springs Oregon SNOTEL 1158 45.5581 -118.4538 
471 Emigrant Summit Idaho SNOTEL 2252 42.3606 -111.5609 
 114 
 
Station 
Id Station Name State Network 
Elevation 
(m) Latitude Longitude 
472 Evening Star Wyoming SNOTEL 2804 44.6526 -109.7842 
473 Fallen Leaf California SNOTEL 1901 38.9341 -120.0546 
474 Farmington Utah SNOTEL 2438 40.9920 -111.8170 
475 Farnsworth Lake Utah SNOTEL 2951 38.7725 -111.6766 
476 Fawn Creek Nevada SNOTEL 2134 41.8210 -116.1015 
477 Fish Creek Oregon SNOTEL 2335 42.7099 -118.6321 
478 Fish Lake Washington SNOTEL 1045 47.5357 -121.0855 
479 Fish Lk. Oregon SNOTEL 1420 42.3801 -122.3494 
480 Fisher Creek Montana SNOTEL 2774 45.0624 -109.9449 
481 Five Points Lake Utah SNOTEL 3335 40.7178 -110.4672 
482 Flattop Mtn. Montana SNOTEL 1920 48.8023 -113.8571 
483 Fourmile Lake Oregon SNOTEL 1820 42.4393 -122.2288 
484 Franklin Basin Idaho SNOTEL 2490 42.0506 -111.6012 
485 Fremont Pass Colorado SNOTEL 3475 39.3799 -106.1968 
486 Frisco Divide New Mexico SNOTEL 2438 33.7365 -108.9450 
487 Frohner Meadow Montana SNOTEL 1975 46.4355 -112.1928 
488 Fry Arizona SNOTEL 2195 35.0730 -111.8437 
489 Galena Idaho SNOTEL 2277 43.8772 -114.6725 
490 Galena Summit Idaho SNOTEL 2676 43.8750 -114.7136 
491 Gallegos Peak New Mexico SNOTEL 2987 36.1945 -105.5580 
492 Garfield R.S. Idaho SNOTEL 1999 43.6104 -113.9308 
493 Giveout Idaho SNOTEL 2112 42.4132 -111.1663 
494 Gold Center Oregon SNOTEL 1649 44.7638 -118.3117 
495 Gooseberry RS Utah SNOTEL 2423 38.8003 -111.6833 
496 Graham Guard Sta. Idaho SNOTEL 1734 43.9538 -115.2739 
497 Granite Creek Wyoming SNOTEL 2063 43.3430 -110.4350 
498 Granite Peak Nevada SNOTEL 2604 41.6704 -117.5666 
499 Grassy Lake Wyoming SNOTEL 2214 44.1261 -110.8344 
500 Grave Creek Montana SNOTEL 1311 48.9145 -114.7666 
501 Grave Springs Wyoming SNOTEL 2606 43.4664 -107.2398 
502 Green Lake Washington SNOTEL 1804 46.5474 -121.1709 
503 Green Mountain Nevada SNOTEL 2438 40.3843 -115.5252 
504 Greenpoint Oregon SNOTEL 1009 45.6224 -121.7042 
505 Grizzly Peak Colorado SNOTEL 3383 39.6463 -105.8697 
506 Gros Ventre Summit Wyoming SNOTEL 2667 43.3888 -110.1295 
507 Grouse Camp Washington SNOTEL 1643 47.2811 -120.4877 
508 Hagan's Meadow California SNOTEL 2370 38.8519 -119.9374 
509 Hams Fork Wyoming SNOTEL 2390 42.1460 -110.6783 
510 Hand Creek Montana SNOTEL 1535 48.3075 -114.8408 
511 Hannagan Meadows Arizona SNOTEL 2749 33.6539 -109.3095 
512 Hansen Sawmill Wyoming SNOTEL 2548 44.2560 -106.9798 
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514 Harris Flat Utah SNOTEL 2377 37.4900 -112.5753 
515 Harts Pass Washington SNOTEL 1978 48.7205 -120.6586 
516 Hawkins Lake Montana SNOTEL 1966 48.9723 -115.9534 
517 Hayden Fork Utah SNOTEL 2808 40.7967 -110.8849 
518 Heavenly Valley California SNOTEL 2616 38.9243 -119.9165 
519 Heber Arizona SNOTEL 2329 34.3120 -110.7543 
520 Hemlock Butte Idaho SNOTEL 1771 46.4811 -115.6336 
521 Hewinta Utah SNOTEL 2901 40.9500 -110.4842 
522 Hickerson Park Utah SNOTEL 2787 40.9065 -109.9629 
523 High Ridge Oregon SNOTEL 1500 45.6968 -118.1066 
524 Hilts Creek Idaho SNOTEL 2438 44.0190 -113.4723 
525 Hobbs Park Wyoming SNOTEL 3078 42.8698 -109.0946 
526 Hogg Pass Oregon SNOTEL 1460 44.4204 -121.8566 
527 Hole-in-Mountain Nevada SNOTEL 2408 40.9427 -115.0957 
528 Hole-in-Rock Utah SNOTEL 2789 40.9217 -110.1862 
529 Holland Meadows Oregon SNOTEL 1503 43.6692 -122.5688 
530 Hoodoo Basin Montana SNOTEL 1844 46.9751 -115.0349 
531 Hoosier Pass Colorado SNOTEL 3475 39.3613 -106.0598 
532 Hopewell New Mexico SNOTEL 3048 36.7163 -106.2635 
533 Horse Ridge Utah SNOTEL 2487 41.3137 -111.4458 
534 Howell Canyon Idaho SNOTEL 2432 42.3211 -113.6156 
535 Humboldt Gulch Idaho SNOTEL 1295 47.5318 -115.7764 
537 Hyndman Idaho SNOTEL 2268 43.7106 -114.1589 
538 Idarado Colorado SNOTEL 2987 37.9339 -107.6755 
539 Independence Camp California SNOTEL 2135 39.4528 -120.2927 
540 Independence Creek California SNOTEL 1968 39.4902 -120.2813 
541 Independence Lake California SNOTEL 2546 39.4275 -120.3134 
542 Independence Pass Colorado SNOTEL 3231 39.0754 -106.6117 
543 Indian Canyon Utah SNOTEL 2797 39.8915 -110.7461 
544 Indian Creek Wyoming SNOTEL 2873 42.3002 -110.6775 
545 Irish Taylor Oregon SNOTEL 1689 43.8037 -121.9479 
546 Island Park Idaho SNOTEL 1917 44.4203 -111.3851 
547 Ivanhoe Colorado SNOTEL 3170 39.2920 -106.5492 
548 Jack Creek Upper Nevada SNOTEL 2210 41.5468 -116.0052 
550 Jackson Peak Idaho SNOTEL 2155 44.0509 -115.4432 
551 Joe Wright Colorado SNOTEL 3085 40.5322 -105.8870 
552 Jump Off Joe Oregon SNOTEL 1073 44.3861 -122.1668 
553 June Lake Washington SNOTEL 1049 46.1478 -122.1541 
554 Kelley R.S. Wyoming SNOTEL 2493 42.2689 -110.8056 
555 Kendall R.S. Wyoming SNOTEL 2359 43.2493 -110.0166 
556 Kiln Colorado SNOTEL 2926 39.3172 -106.6145 
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557 Kimberly Mine Utah SNOTEL 2783 38.4838 -112.3928 
558 King Mountain Oregon SNOTEL 1323 42.7240 -123.2004 
559 King's Cabin Utah SNOTEL 2659 40.7163 -109.5440 
560 Kirwin Wyoming SNOTEL 2911 43.8607 -109.3216 
561 Kolob Utah SNOTEL 2806 37.5262 -113.0540 
562 Kraft Creek Montana SNOTEL 1448 47.4275 -113.7752 
563 Lake Creek R.S. Oregon SNOTEL 1597 44.2101 -118.6375 
564 Lake Eldora Colorado SNOTEL 2957 39.9368 -105.5896 
565 Lake Irene Colorado SNOTEL 3261 40.4143 -105.8198 
566 Lakefork #1 Utah SNOTEL 3174 40.5982 -110.4329 
567 Lakefork Basin Utah SNOTEL 3342 40.7378 -110.6209 
568 Lakeview Ridge Montana SNOTEL 2256 44.5891 -111.8250 
569 Lamance Creek Nevada SNOTEL 1829 41.5154 -117.6320 
570 Lamoille #3 Nevada SNOTEL 2347 40.6452 -115.3760 
571 Laprele Creek Wyoming SNOTEL 2553 42.4358 -105.8608 
572 Lasal Mountain Utah SNOTEL 2914 38.4822 -109.2719 
573 Laurel Draw Nevada SNOTEL 2041 41.7764 -116.0296 
574 Leavitt Lake California SNOTEL 2931 38.2760 -119.6118 
575 Leavitt Meadows California SNOTEL 2194 38.3038 -119.5502 
576 Lemhi Ridge Montana SNOTEL 2469 44.9938 -113.4440 
577 Lewis Lake Divide Wyoming SNOTEL 2393 44.2086 -110.6663 
578 Lick Creek Montana SNOTEL 2091 45.5041 -110.9663 
579 Lily Lake Utah SNOTEL 2791 40.8648 -110.7981 
580 Lily Pond Colorado SNOTEL 3353 37.3793 -106.5484 
582 Little Bear Utah SNOTEL 1995 41.4055 -111.8261 
583 Little Grassy Utah SNOTEL 1859 37.4863 -113.8458 
584 Little Meadows Oregon SNOTEL 1225 44.6130 -122.2257 
585 Little Warm Wyoming SNOTEL 2856 43.5028 -109.7520 
586 Lizard Head Pass Colorado SNOTEL 3109 37.7993 -107.9243 
587 Lobdell Lake California SNOTEL 2814 38.4375 -119.3657 
588 Lolo Pass Idaho SNOTEL 1597 46.6345 -114.5807 
589 Lone Cone Colorado SNOTEL 2926 37.8918 -108.1954 
590 Lone Mountain Montana SNOTEL 2707 45.2741 -111.4269 
591 Lone Pine Washington SNOTEL 1198 46.2714 -121.9629 
592 Long Flat Utah SNOTEL 2438 37.5128 -113.3968 
593 Long Valley Jct Utah SNOTEL 2275 37.4875 -112.5145 
594 Lookout Idaho SNOTEL 1567 47.4579 -115.7058 
595 Lookout Mountain New Mexico SNOTEL 2591 33.3603 -107.8312 
596 Lookout Peak Utah SNOTEL 2499 40.8373 -111.7092 
597 Loomis Park Wyoming SNOTEL 2512 43.1739 -110.1401 
599 Lost Horse Washington SNOTEL 1561 46.3575 -121.0810 
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600 Lost Lake Idaho SNOTEL 1862 47.0719 -115.9581 
601 Lost-Wood Divide Idaho SNOTEL 2408 43.8243 -114.2640 
602 Loveland Basin Colorado SNOTEL 3475 39.6743 -105.9013 
603 Lower Twin Montana SNOTEL 2408 45.5087 -111.9229 
604 Lubrecht Flume Montana SNOTEL 1426 46.8829 -113.3223 
605 Lucky Strike Oregon SNOTEL 1515 45.2748 -118.8479 
606 Lyman Lake Washington SNOTEL 1823 48.1980 -120.9168 
607 Lynx Pass Colorado SNOTEL 2707 40.0781 -106.6703 
608 Madison Butte Oregon SNOTEL 1570 45.1051 -119.4959 
609 Madison Plateau Montana SNOTEL 2362 44.5862 -111.1163 
610 Magic Mountain Idaho SNOTEL 2097 42.1807 -114.2866 
612 Mammoth-Cottonwood Utah SNOTEL 2660 39.6833 -111.3182 
613 Many Glacier Montana SNOTEL 1494 48.7970 -113.6705 
614 Marion Forks Oregon SNOTEL 789 44.5940 -121.9737 
615 Marlette Lake Nevada SNOTEL 2402 39.1640 -119.8967 
616 Marquette Wyoming SNOTEL 2670 44.3016 -109.2402 
617 Maverick Fork Arizona SNOTEL 2804 33.9212 -109.4588 
618 Mc Clure Pass Colorado SNOTEL 2896 39.1290 -107.2881 
619 Mckenzie Oregon SNOTEL 1454 44.2103 -121.8729 
620 Meadow Lake Idaho SNOTEL 2789 44.4366 -113.3182 
621 Merchant Valley Utah SNOTEL 2653 38.3028 -112.4364 
622 Mesa Lakes Colorado SNOTEL 3048 39.0583 -108.0584 
623 Mica Creek Idaho SNOTEL 1375 47.1508 -116.2669 
624 Middle Creek Colorado SNOTEL 3429 37.6198 -107.0348 
625 Middle Powder Wyoming SNOTEL 2365 43.6273 -107.1814 
626 Midway Valley Utah SNOTEL 2987 37.5692 -112.8378 
627 Mill Creek Summit Idaho SNOTEL 2682 44.4721 -114.4899 
628 Mill-D North Utah SNOTEL 2733 40.6588 -111.6369 
629 Mineral Creek Colorado SNOTEL 3060 37.8475 -107.7266 
630 Miners Ridge Washington SNOTEL 1862 48.2017 -120.9562 
631 Mining Fork Utah SNOTEL 2506 40.4938 -112.6115 
632 Molas Lake Colorado SNOTEL 3200 37.7493 -107.6887 
633 Monitor Pass California SNOTEL 2533 38.6683 -119.6087 
634 Monte Cristo Utah SNOTEL 2731 41.4658 -111.4967 
635 Monument Peak Montana SNOTEL 2697 45.2176 -110.2370 
636 Moonshine Idaho SNOTEL 2268 44.4147 -113.3981 
637 Mores Creek Summit Idaho SNOTEL 1859 43.9320 -115.6659 
638 Moose Creek Idaho SNOTEL 1890 45.6701 -113.9532 
639 Morgan Creek Idaho SNOTEL 2316 44.8426 -114.2690 
640 Mormon Mountain Arizona SNOTEL 2286 34.9411 -111.5185 
642 Morse Lake Washington SNOTEL 1649 46.9059 -121.4827 
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643 Mosby Mtn. Utah SNOTEL 2899 40.6078 -109.8881 
644 Moses Mtn Washington SNOTEL 1527 48.3616 -119.0816 
645 Mosquito Ridge Idaho SNOTEL 1585 48.0574 -116.2305 
646 Moss Peak Montana SNOTEL 2067 47.6849 -113.9623 
647 Moss Springs Oregon SNOTEL 1756 45.2717 -117.6875 
649 Mount Lockhart Montana SNOTEL 1951 47.9173 -112.8238 
650 Mountain Meadows Idaho SNOTEL 1939 45.6969 -115.2297 
651 Mt Hood Test Site Oregon SNOTEL 1637 45.3210 -121.7158 
652 Mt Rose Ski Area Nevada SNOTEL 2683 39.3157 -119.8947 
653 Mt. Howard Oregon SNOTEL 2411 45.2652 -117.1737 
654 Mud Flat Idaho SNOTEL 1747 42.6004 -116.5593 
655 Mud Ridge Oregon SNOTEL 1241 45.2536 -121.7367 
656 Mule Creek Montana SNOTEL 2530 45.4096 -112.9593 
657 N Fk Elk Creek Montana SNOTEL 1905 46.8716 -113.2773 
658 Nast Lake Colorado SNOTEL 2652 39.2972 -106.6069 
660 New Crescent Lake Oregon SNOTEL 1497 43.5119 -121.9798 
661 New Fork Lake Wyoming SNOTEL 2542 43.1127 -109.9495 
662 Nez Perce Camp Montana SNOTEL 1722 45.7311 -114.4808 
663 Niwot Colorado SNOTEL 3021 40.0352 -105.5443 
664 Noisy Basin Montana SNOTEL 1841 48.1568 -113.9464 
665 North Costilla New Mexico SNOTEL 3231 36.9938 -105.2596 
666 North Fork Oregon SNOTEL 933 45.5505 -122.0028 
667 North Fork Jocko Montana SNOTEL 1929 47.2726 -113.7562 
668 North French Creek Wyoming SNOTEL 3088 41.3308 -106.3756 
669 North Lost Trail Colorado SNOTEL 2804 39.0781 -107.1439 
670 Northeast Entrance Montana SNOTEL 2240 45.0057 -110.0141 
671 Ochoco Meadows Oregon SNOTEL 1655 44.4292 -120.3311 
672 Olallie Meadows Washington SNOTEL 1228 47.3741 -121.4421 
673 Old Battle Wyoming SNOTEL 3048 41.1540 -106.9694 
675 Overland Res. Colorado SNOTEL 2999 39.0906 -107.6347 
676 Owl Creek Wyoming SNOTEL 2736 43.6587 -109.0099 
677 Oxford Spring Idaho SNOTEL 2054 42.2602 -112.1252 
679 Paradise Washington SNOTEL 1564 46.7827 -121.7477 
680 Park Cone Colorado SNOTEL 2926 38.8200 -106.5897 
681 Park Creek Ridge Washington SNOTEL 1402 48.4449 -120.9155 
682 Park Reservoir Colorado SNOTEL 3036 39.0464 -107.8741 
683 Parker Peak Wyoming SNOTEL 2865 44.7340 -109.9148 
684 Parley's Summit Utah SNOTEL 2286 40.7620 -111.6285 
686 Payson R.S. Utah SNOTEL 2459 39.9297 -111.6311 
687 Peavine Ridge Oregon SNOTEL 1042 45.0415 -121.9325 
688 Phantom Valley Colorado SNOTEL 2752 40.3994 -105.8476 
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689 Phillips Bench Wyoming SNOTEL 2499 43.5195 -110.9110 
690 Pickfoot Creek Montana SNOTEL 2027 46.5798 -111.2683 
691 Pickle Keg Utah SNOTEL 2926 39.0122 -111.5826 
692 Pigtail Peak Washington SNOTEL 1768 46.6215 -121.3864 
693 Pike Creek Montana SNOTEL 1807 48.3031 -113.3287 
694 Pine Creek Utah SNOTEL 2679 38.8818 -112.2493 
695 Pine Creek Pass Idaho SNOTEL 2048 43.5700 -111.2116 
696 Placer Basin Montana SNOTEL 2691 45.4191 -110.0884 
697 Poison Flat California SNOTEL 2358 38.5055 -119.6261 
698 Pole Creek R.S. Nevada SNOTEL 2539 41.8731 -115.2469 
699 Pope Ridge Washington SNOTEL 1094 47.9909 -120.5662 
700 Porcupine Montana SNOTEL 1981 46.1119 -110.4696 
701 Porphyry Creek Colorado SNOTEL 3280 38.4888 -106.3397 
702 Potato Hill Washington SNOTEL 1375 46.3496 -121.5144 
703 Powder River Pass Wyoming SNOTEL 2890 44.1619 -107.1262 
704 Prairie Idaho SNOTEL 1463 43.5051 -115.5730 
705 Promontory Arizona SNOTEL 2417 34.3682 -111.0108 
706 Quartz Mountain Oregon SNOTEL 1743 42.3192 -120.8253 
707 Quartz Peak Washington SNOTEL 1433 47.8793 -117.0894 
708 Quemazon New Mexico SNOTEL 2896 35.9224 -106.3920 
709 Rabbit Ears Colorado SNOTEL 2865 40.3678 -106.7404 
710 Railroad Overpass Oregon SNOTEL 817 43.6589 -122.2127 
711 Rainy Pass Washington SNOTEL 1490 48.5187 -120.7358 
712 Red Hill Oregon SNOTEL 1344 45.4643 -121.7043 
713 Red Mountain Pass Colorado SNOTEL 3414 37.8918 -107.7134 
714 Red Pine Ridge Utah SNOTEL 2746 39.4518 -111.2722 
715 Red River Pass #2 New Mexico SNOTEL 3002 36.6993 -105.3413 
716 Reno Hill Wyoming SNOTEL 2560 42.5711 -106.0889 
717 Ripple Creek Colorado SNOTEL 3152 40.1081 -107.2941 
718 Roach Colorado SNOTEL 2957 40.8750 -106.0460 
719 Roaring River Oregon SNOTEL 1509 43.9010 -122.0306 
720 Rock Creek Utah SNOTEL 2405 40.5487 -110.6930 
721 Rock Springs Oregon SNOTEL 1612 44.0088 -118.8384 
722 Rocker Peak Montana SNOTEL 2438 46.3561 -112.2618 
723 Rocky Basin-Settleme Utah SNOTEL 2713 40.4425 -112.2407 
724 Rubicon #2 California SNOTEL 2344 38.9992 -120.1303 
725 S Fork Shields Montana SNOTEL 2469 46.0896 -110.4336 
726 Saddle Mountain Oregon SNOTEL 948 45.5448 -123.3732 
727 Saddle Mtn. Montana SNOTEL 2420 45.6926 -113.9683 
728 Salmon Meadows Washington SNOTEL 1359 48.6552 -119.8383 
729 Salt Creek Falls Oregon SNOTEL 1286 43.6119 -122.1176 
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730 Salt River Summit Wyoming SNOTEL 2365 42.5075 -110.9099 
731 Sand Lake Wyoming SNOTEL 3063 41.4626 -106.2811 
732 Sandstone RS Wyoming SNOTEL 2484 41.1117 -107.1706 
733 Santiam Jct. Oregon SNOTEL 1140 44.4350 -121.9450 
734 Sasse Ridge Washington SNOTEL 1323 47.3849 -121.0632 
735 Savage Pass Idaho SNOTEL 1881 46.4663 -114.6333 
736 Schneider Meadows Oregon SNOTEL 1646 45.0011 -117.1652 
737 Schofield Pass Colorado SNOTEL 3261 39.0152 -107.0488 
738 Schweitzer Basin Idaho SNOTEL 1856 48.3743 -116.6392 
739 Scotch Creek Colorado SNOTEL 2774 37.6456 -108.0079 
740 Secesh Summit Idaho SNOTEL 1987 45.1885 -115.9731 
741 Sedgwick Peak Idaho SNOTEL 2393 42.5250 -111.9564 
742 Seeley Creek Utah SNOTEL 3021 39.3103 -111.4330 
743 Seine Creek Oregon SNOTEL 628 45.5269 -123.2986 
744 Senorita Divide #2 New Mexico SNOTEL 2621 36.0020 -106.8335 
745 Sevenmile Marsh Oregon SNOTEL 1737 42.6983 -122.1417 
746 Seventysix Creek Nevada SNOTEL 2164 41.7373 -115.4722 
747 Shanghi Summit Idaho SNOTEL 1393 46.5661 -115.7419 
748 Sheep Canyon Washington SNOTEL 1216 46.1933 -122.2539 
749 Sheep Mtn. Idaho SNOTEL 2003 43.2093 -111.6878 
750 Sheldon Nevada SCAN 1786 41.9045 -119.4436 
751 Shell Creek Wyoming SNOTEL 2920 44.5001 -107.4295 
752 Sherwin Idaho SNOTEL 975 46.9503 -116.3397 
753 Short Creek Montana SNOTEL 2134 44.9757 -111.9522 
754 Shower Falls Montana SNOTEL 2469 45.4013 -110.9576 
755 Signal Peak New Mexico SNOTEL 2548 32.9240 -108.1454 
756 Silver Creek Oregon SNOTEL 1750 42.9562 -121.1812 
757 Silver Creek Divide New Mexico SNOTEL 2743 33.3711 -108.7062 
759 Silvies Oregon SNOTEL 2131 42.7533 -118.6879 
760 Skalkaho Summit Montana SNOTEL 2210 46.2421 -113.7725 
761 Slug Creek Divide Idaho SNOTEL 2202 42.5625 -111.2980 
762 Slumgullion Colorado SNOTEL 3487 37.9908 -107.2033 
763 Smith & Morehouse Utah SNOTEL 2316 40.7900 -111.1177 
764 Snake River Station Wyoming SNOTEL 2109 44.1336 -110.6692 
765 Snider Basin Wyoming SNOTEL 2457 42.4949 -110.5320 
766 Snowbird Utah SNOTEL 2938 40.5640 -111.6550 
767 Snow Mountain Oregon SNOTEL 1899 43.9489 -119.5401 
769 Soldier R.S. Idaho SNOTEL 1750 43.4841 -114.8269 
770 Somsen Ranch Idaho SNOTEL 2073 42.9528 -111.3593 
771 Sonora Pass California SNOTEL 2690 38.3103 -119.5994 
772 South Brush Creek Wyoming SNOTEL 2573 41.3294 -106.5025 
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773 South Colony Colorado SNOTEL 3292 37.9681 -105.5379 
774 South Mtn. Idaho SNOTEL 1981 42.7648 -116.9004 
775 South Pass Wyoming SNOTEL 2755 42.5732 -108.8433 
776 Spencer Meadow Washington SNOTEL 1036 46.1795 -121.9266 
777 Spirit Lake Washington SNOTEL 1073 46.2611 -122.1772 
778 Spratt Creek California SNOTEL 1864 38.6663 -119.8176 
779 Spring Creek Divide Wyoming SNOTEL 2743 42.5254 -110.6615 
780 Spud Mountain Colorado SNOTEL 3249 37.6987 -107.7772 
781 Spur Park Montana SNOTEL 2469 46.7796 -110.6217 
782 Squaw Flat Idaho SNOTEL 1902 44.7708 -116.2486 
783 Sleeping Woman Montana SNOTEL 1875 47.1790 -114.3337 
784 Squaw Valley G.C. California SNOTEL 2447 39.1900 -120.2648 
786 St. Lawrence Alt Wyoming SNOTEL 2627 43.0331 -109.1703 
787 Stahl Peak Montana SNOTEL 1838 48.9090 -114.8630 
788 Stampede Pass Washington SNOTEL 1173 47.2743 -121.3416 
789 Starr Ridge Oregon SNOTEL 1600 44.2642 -119.0216 
790 Steel Creek Park Utah SNOTEL 3109 40.9085 -110.5047 
791 Stevens Pass Washington SNOTEL 1204 47.7461 -121.0929 
792 Stickney Mill Idaho SNOTEL 2265 43.8612 -114.2090 
793 Stillwater Creek Colorado SNOTEL 2658 40.2254 -105.9198 
794 Strawberry Oregon SNOTEL 1759 42.1259 -120.8361 
795 Strawberry Divide Utah SNOTEL 2476 40.1648 -111.2067 
797 Stump Lakes Colorado SNOTEL 3414 37.4762 -107.6330 
798 Sucker Creek Wyoming SNOTEL 2707 44.7225 -107.4003 
800 Summer Rim Oregon SNOTEL 2158 42.6957 -120.8016 
801 Summit Lake Oregon SNOTEL 1710 43.4491 -122.1381 
802 Summit Ranch Colorado SNOTEL 2865 39.7180 -106.1580 
803 Sunset Idaho SNOTEL 1689 47.5555 -115.8242 
804 Surprise Lakes Washington SNOTEL 1308 46.0950 -121.7635 
805 Swede Peak Idaho SNOTEL 2329 43.6260 -113.9689 
806 Sylvan Lake Wyoming SNOTEL 2566 44.4776 -110.1565 
807 Sylvan Road Wyoming SNOTEL 2170 44.4628 -110.1368 
809 Tahoe City Cross California SNOTEL 2072 39.1716 -120.1536 
810 Taylor Butte Oregon SNOTEL 1533 42.6911 -121.4259 
811 Taylor Canyon Nevada SNOTEL 1890 41.2293 -116.0288 
812 Taylor Green Oregon SNOTEL 1750 45.0771 -117.5507 
813 Tepee Creek Montana SNOTEL 2438 44.7856 -111.7100 
814 Thaynes Canyon Utah SNOTEL 2813 40.6235 -111.5332 
815 Three Creeks Meadow Oregon SNOTEL 1734 44.1443 -121.6410 
816 Thumb Divide Wyoming SNOTEL 2432 44.3689 -110.5783 
817 Thunder Basin Washington SNOTEL 1317 48.5275 -120.9895 
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818 Tie Creek Wyoming SNOTEL 2094 44.8124 -107.4102 
819 Timber Creek Wyoming SNOTEL 2423 44.0274 -109.1788 
820 Timpanogos Divide Utah SNOTEL 2481 40.4282 -111.6163 
821 Tipton Oregon SNOTEL 1570 44.6557 -118.4262 
822 Togwotee Pass Wyoming SNOTEL 2920 43.7490 -110.0578 
823 Tony Grove Lake Utah SNOTEL 2583 41.8983 -111.6296 
824 Touchet Washington SNOTEL 1686 46.1187 -117.8505 
825 Tower Colorado SNOTEL 3200 40.5374 -106.6768 
826 Townsend Creek Wyoming SNOTEL 2652 42.6953 -108.8957 
827 Trapper Lake Colorado SNOTEL 2957 39.9988 -107.2362 
828 Trial Lake Utah SNOTEL 3046 40.6780 -110.9487 
829 Trinchera Colorado SNOTEL 3310 37.3533 -105.2323 
830 Trinity Mtn. Idaho SNOTEL 2368 43.6290 -115.4382 
831 Triple Peak Wyoming SNOTEL 2591 42.7639 -110.5914 
832 Trough Washington SNOTEL 1670 47.2333 -120.2941 
833 Trout Creek Utah SNOTEL 2901 40.7390 -109.6728 
834 Truckee #2 California SNOTEL 1984 39.3009 -120.1841 
835 Twelvemile Creek Montana SNOTEL 1707 46.1429 -114.4476 
836 Twin Lakes Montana SNOTEL 1951 46.1438 -114.5056 
837 Two Ocean Plateau Wyoming SNOTEL 2816 44.1518 -110.2212 
838 University Camp Colorado SNOTEL 3139 40.0328 -105.5762 
839 Upper Rio Grande Colorado SNOTEL 2865 37.7219 -107.2602 
840 Upper San Juan Colorado SNOTEL 3109 37.4858 -106.8354 
841 Upper Wheeler Washington SNOTEL 1320 47.2873 -120.3702 
842 Vail Mountain Colorado SNOTEL 3139 39.6168 -106.3801 
843 Vallecito Colorado SNOTEL 3316 37.4851 -107.5068 
844 Vernon Creek Utah SNOTEL 2256 39.9367 -112.4148 
845 Vienna Mine Idaho SNOTEL 2731 43.7994 -114.8527 
846 Virginia Lakes Ridge California SNOTEL 2879 38.0730 -119.2343 
847 Waldron Montana SNOTEL 1707 47.9200 -112.7909 
848 Ward Creek #3 California SNOTEL 2028 39.1356 -120.2176 
849 Ward Mountain Nevada SNOTEL 2804 39.1324 -114.9558 
850 Warm Springs Montana SNOTEL 2377 46.2737 -113.1640 
852 Webber Springs Wyoming SNOTEL 2819 41.1595 -106.9271 
853 Webster Flat Utah SNOTEL 2805 37.5750 -112.9016 
854 Wesner Springs New Mexico SNOTEL 3389 35.7756 -105.5425 
855 West Branch Idaho SNOTEL 1695 45.0722 -116.4541 
857 Whiskey Ck Colorado SNOTEL 3115 37.2141 -105.1225 
858 Whiskey Creek Montana SNOTEL 2073 44.6109 -111.1500 
859 Whiskey Park Wyoming SNOTEL 2728 41.0029 -106.9085 
860 White Elephant Idaho SNOTEL 2350 44.5327 -111.4109 
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861 White Horse Lake Arizona SNOTEL 2188 35.1420 -112.1492 
862 White Mill Montana SNOTEL 2652 45.0458 -109.9099 
863 White Pass E.S. Washington SNOTEL 1353 46.6414 -121.3815 
864 White River #1 Utah SNOTEL 2634 39.9645 -110.9885 
865 Widtsoe #3 Utah SNOTEL 2938 37.8363 -111.8816 
866 Wildcat Arizona SNOTEL 2393 33.7584 -109.4797 
867 Wildhorse Divide Idaho SNOTEL 1978 42.7574 -112.4778 
868 Willow Creek Wyoming SNOTEL 2554 42.8151 -110.8352 
869 Willow Creek Pass Colorado SNOTEL 2908 40.3470 -106.0943 
870 Willow Park Colorado SNOTEL 3261 40.4325 -105.7334 
871 Wilson Creek Idaho SNOTEL 2170 42.0126 -115.0028 
872 Windy Peak Wyoming SNOTEL 2408 42.2802 -105.5782 
873 Wolf Creek Oregon SNOTEL 1716 45.0670 -118.1519 
874 Wolf Creek Summit Colorado SNOTEL 3353 37.4792 -106.8017 
875 Wolverine Wyoming SNOTEL 2332 44.8042 -109.6570 
876 Wood Creek Montana SNOTEL 1817 47.4485 -112.8143 
877 Workman Creek Arizona SNOTEL 2103 33.8124 -110.9177 
878 Younts Peak Wyoming SNOTEL 2545 43.9323 -109.8178 
893 Tizer Basin Montana SNOTEL 2097 46.3494 -111.8531 
895 Chocolate Gulch Idaho SNOTEL 1963 43.7685 -114.4181 
896 Hardscrabble Utah SNOTEL 2210 40.8683 -111.7187 
897 Meadows Pass Washington SNOTEL 985 47.2831 -121.4720 
898 Mount Gardner Washington SNOTEL 890 47.3577 -121.5681 
899 Tinkham Creek Washington SNOTEL 911 47.3320 -121.4698 
901 Stuart Mountain Montana SNOTEL 2256 46.9952 -113.9266 
902 Beaver Head Arizona SNOTEL 2435 33.6914 -109.2166 
903 Nevada Ridge Montana SNOTEL 2140 46.8423 -112.5079 
904 Columbus Basin Colorado SNOTEL 3287 37.4415 -108.0245 
905 Mancos Colorado SNOTEL 3048 37.4309 -108.1695 
906 Dry Fork Utah SNOTEL 2162 40.5653 -112.1734 
907 Agua Canyon Utah SNOTEL 2713 37.5222 -112.2712 
908 Alpine Meadows Washington SNOTEL 1067 47.7796 -121.6985 
909 Wells Creek Washington SNOTEL 1228 48.8661 -121.7898 
910 Elbow Lake Washington SNOTEL 927 48.6909 -121.9089 
911 Rex River Washington SNOTEL 1161 47.3022 -121.6048 
912 Skookum Creek Washington SNOTEL 1009 47.6843 -121.6101 
913 Buffalo Park Colorado SNOTEL 2816 40.2286 -106.5953 
914 Medano Pass Colorado SNOTEL 2941 37.8516 -105.4361 
915 Schwartz Lake Idaho SNOTEL 2603 44.8462 -113.8373 
916 Albro Lake Montana SNOTEL 2530 45.5972 -111.9590 
917 Rocky Boy Montana SNOTEL 1433 48.1748 -109.6473 
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918 Garver Creek Montana SNOTEL 1295 48.9752 -115.8192 
919 Daisy Peak Montana SNOTEL 2316 46.6686 -110.3302 
920 North Rapid Creek South Dakota SNOTEL 1868 44.2062 -103.7876 
921 Elk Cabin New Mexico SNOTEL 2502 35.7043 -105.8068 
922 Santa Fe New Mexico SNOTEL 3488 35.7669 -105.7833 
923 Deer Park Wyoming SNOTEL 2957 42.5908 -108.9027 
924 West Yellowstone Montana SNOTEL 2042 44.6587 -111.0920 
925 South Fork Bull Run Oregon SNOTEL 820 45.4458 -122.0313 
926 Smiley Mountain Idaho SNOTEL 2902 43.7272 -113.8340 
927 Snowslide Canyon Arizona SNOTEL 2966 35.3416 -111.6506 
928 Huckleberry Creek Washington SNOTEL 686 47.0657 -121.5878 
929 Sacajawea Montana SNOTEL 1996 45.8740 -110.9278 
930 Peterson Meadows Montana SNOTEL 2195 46.1259 -113.3079 
931 Big Goose Wyoming SNOTEL 2435 44.5792 -107.2007 
932 Poorman Creek Montana SNOTEL 1554 48.1267 -115.6233 
933 Rice Park New Mexico SNOTEL 2579 35.2333 -108.2667 
934 Tolby New Mexico SNOTEL 3103 36.4749 -105.1947 
935 Jackwhacker Gulch Colorado SNOTEL 3341 39.5667 -105.8000 
936 Echo Lake Colorado SNOTEL 3231 39.6563 -105.5935 
937 Michigan Creek Colorado SNOTEL 3231 39.4358 -105.9108 
938 Buckskin Joe Colorado SNOTEL 3399 39.3035 -106.1131 
939 Rough And Tumble Colorado SNOTEL 3158 39.0333 -106.0833 
940 Lost Dog Colorado SNOTEL 2841 40.8159 -106.7484 
941 Mowich Washington SNOTEL 963 46.9283 -121.9523 
942 Burnt Mountain Washington SNOTEL 1271 47.0444 -121.9403 
944 Gunsight Pass Wyoming SNOTEL 2993 43.3833 -109.8782 
945 Gerber Reservoir Oregon SNOTEL 1490 42.2062 -121.1334 
946 Indian Pass Alaska SNOTEL 716 61.0677 -149.4795 
947 Little Chena Ridge Alaska SNOTEL 610 65.1242 -146.7339 
948 Mt. Ryan Alaska SNOTEL 853 65.2511 -146.1513 
949 Monument Creek Alaska SNOTEL 564 65.0783 -145.8707 
950 Munson Ridge Alaska SNOTEL 945 64.8503 -146.2095 
951 Teuchet Creek Alaska SNOTEL 500 64.9458 -145.5167 
952 Upper Chena Alaska SNOTEL 869 65.1000 -144.9332 
955 Summit Creek Alaska SNOTEL 427 60.6171 -149.5313 
956 Grandview Alaska SNOTEL 335 60.6083 -149.0631 
958 Coldfoot Alaska SNOTEL 317 67.2533 -150.1830 
959 Cooper Lake Alaska SNOTEL 366 60.3903 -149.6936 
963 Granite Crk Alaska SNOTEL 378 63.9438 -145.3999 
964 Grouse Creek Divide Alaska SNOTEL 213 60.2597 -149.3423 
966 Kenai Moose Pens Alaska SNOTEL 91 60.7270 -150.4752 
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967 Susitna Valley High Alaska SNOTEL 114 62.1333 -150.0417 
969 Happy Jack Arizona SNOTEL 2326 34.7460 -111.4121 
970 Jones Pass Colorado SNOTEL 3170 39.7645 -105.9062 
971 Parrish Creek Utah SNOTEL 2359 40.9342 -111.8137 
972 Louis Meadow Utah SNOTEL 2042 40.8303 -111.7646 
975 Swamp Creek Washington SNOTEL 1198 48.5714 -120.7827 
977 Crowder Flat California SNOTEL 1576 41.8932 -120.7520 
978 Bogus Basin Idaho SNOTEL 1932 43.7638 -116.0969 
979 Van Wyck Idaho SNOTEL 1500 44.3767 -116.3366 
981 Burnt Mtn Montana SNOTEL 1792 45.2401 -109.4596 
982 Cole Canyon Wyoming SNOTEL 1801 44.4863 -104.4106 
983 Clayton Springs Utah SNOTEL 3063 37.9725 -111.8336 
984 Spruce Springs Washington SNOTEL 1737 46.1829 -117.5416 
985 Sourdough Gulch Washington SNOTEL 1219 46.2372 -117.3944 
988 Hidden Lake Idaho SNOTEL 1536 48.8937 -116.7575 
989 Moscow Mountain Idaho SNOTEL 1433 46.8050 -116.8535 
990 Beaver Pass Washington SNOTEL 1106 48.8793 -121.2555 
998 Easy Pass Washington SNOTEL 1606 48.8593 -121.4390 
999 Marten Ridge Washington SNOTEL 1073 48.7629 -121.6982 
1000 Annie Springs Oregon SNOTEL 1832 42.8701 -122.1652 
1005 Ute Creek Colorado SNOTEL 3246 37.6150 -105.3733 
1006 Lewis Peak Nevada SNOTEL 2256 40.3576 -116.8649 
1008 Onion Park Montana SNOTEL 2259 46.9135 -110.8536 
1009 Stringer Creek Montana SNOTEL 1996 46.9269 -110.9020 
1010 Crazyman Flat Oregon SNOTEL 1884 42.6381 -120.9492 
1011 MF Nooksack Washington SNOTEL 1515 48.8245 -121.9295 
1012 Swift Creek Washington SNOTEL 1353 46.1638 -122.1840 
1013 Temple Fork Utah SNOTEL 2257 41.7930 -111.5461 
1014 Middle Fork Camp Colorado SNOTEL 2725 39.7956 -106.0273 
1015 Sage Creek Basin Wyoming SNOTEL 2393 41.4010 -107.2572 
1016 Long Valley Idaho SNOTEL 1490 44.7884 -116.0888 
1017 Vacas Locas New Mexico SNOTEL 2836 36.0264 -106.8136 
1030 Arapaho Ridge Colorado SNOTEL 3341 40.3510 -106.3814 
1031 Never Summer Colorado SNOTEL 3133 40.4041 -105.9558 
1032 Rawah Colorado SNOTEL 2749 40.7075 -106.0076 
1033 Zirkel Colorado SNOTEL 2847 40.7949 -106.5954 
1034 Sierra Blanca New Mexico SNOTEL 3133 33.4047 -105.7872 
1035 Moraine Alaska SNOTEL 640 61.3773 -148.9992 
1038 Schweitzer Saddle Idaho SNOTEL 1862 48.3744 -116.6385 
1039 Cascade Mountain Utah SNOTEL 2370 40.2830 -111.6099 
1040 Mccoy Park Colorado SNOTEL 2890 39.6047 -106.5413 
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1041 Beaver Ck Village Colorado SNOTEL 2591 39.5992 -106.5114 
1042 Wild Basin Colorado SNOTEL 2914 40.2011 -105.6025 
1043 Sentinel Butte Washington SNOTEL 1426 48.8613 -118.3984 
1044 Toketee Airstrip Oregon SNOTEL 988 43.2272 -122.4254 
1045 Crow Creek Wyoming SNOTEL 2539 41.2287 -105.3828 
1046 Cinnabar Park Wyoming SNOTEL 2918 41.2384 -106.2310 
1047 Little Snake River Wyoming SNOTEL 2717 41.0705 -106.9428 
1048 Mcknight Cabin New Mexico SNOTEL 2816 33.0081 -107.8698 
1049 Forestdale Creek California SNOTEL 2444 38.6825 -119.9597 
1050 Horse Meadow California SNOTEL 2608 38.8365 -119.8873 
1051 Burnside Lake California SNOTEL 2478 38.7194 -119.8942 
1052 Summit Meadow California SNOTEL 2839 38.3975 -119.5352 
1053 Myrtle Creek Idaho SNOTEL 1073 48.7226 -116.4631 
1054 Farmington Lower Utah SNOTEL 2066 40.9748 -111.8093 
1055 Upper Tsaina River Alaska SNOTEL 533 61.1911 -145.6481 
1056 Lightning Ridge Utah SNOTEL 2504 41.3588 -111.4875 
1057 Glen Cove Colorado SNOTEL 3493 38.8758 -105.0737 
1058 Grayback Colorado SNOTEL 3542 37.4703 -106.5378 
1059 Cochetopa Pass Colorado SNOTEL 3054 38.1628 -106.5988 
1060 Sharkstooth Colorado SNOTEL 3267 37.5036 -108.1137 
1061 Bear River Colorado SNOTEL 2768 40.0615 -107.0096 
1062 Anchor River Divide Alaska SNOTEL 504 59.8597 -151.3150 
1065 Gutz Peak Utah SNOTEL 2061 37.4962 -113.9424 
1066 Gardner Peak Utah SNOTEL 2537 37.4008 -113.4599 
1067 Carson Pass California SNOTEL 2546 38.6931 -119.9934 
1068 Sawmill Ridge Washington SNOTEL 1414 47.1599 -121.4217 
1069 Lynn Lake Washington SNOTEL 1189 47.2017 -121.7797 
1070 Anchorage Hillside Alaska SNOTEL 634 61.1148 -149.6668 
1077 Swan Lake Mtn Oregon SNOTEL 2082 42.4132 -121.6800 
1078 Sun Pass Oregon SNOTEL 1646 42.7864 -121.9772 
1079 Milk Shakes Oregon SNOTEL 1701 45.9821 -117.9488 
1080 Brown Top Washington SNOTEL 1777 48.9276 -121.1971 
1081 Ragged Mountain Idaho SNOTEL 1283 47.8558 -117.0367 
1082 Grand Targhee Wyoming SNOTEL 2822 43.7793 -110.9278 
1083 Tres Ritos New Mexico SNOTEL 2621 36.1278 -105.5271 
1084 Miller Woods Oregon SNOTEL 128 45.2476 -123.2756 
1085 Cayuse Pass Washington SNOTEL 1597 46.8695 -121.5343 
1086 Bentalit Lodge Alaska SNOTEL 46 61.9368 -150.9827 
1089 Tokositna Valley Alaska SNOTEL 259 62.6300 -150.7762 
1091 Independence Mine Alaska SNOTEL 1082 61.7912 -149.2797 
1093 Chisana Alaska SNOTEL 1012 62.0690 -142.0490 
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1096 May Creek Alaska SNOTEL 491 61.3478 -142.7097 
1097 Timberline Utah SNOTEL 2663 39.6771 -110.4340 
1098 Usu Doc Daniel Utah SNOTEL 2521 41.8643 -111.5060 
1099 Jones Corral Utah SNOTEL 2971 38.0713 -112.1679 
1100 Saint Elmo Colorado SNOTEL 3213 38.6998 -106.3680 
1101 Chapman Tunnel Colorado SNOTEL 3082 39.2622 -106.6293 
1102 Hayden Pass Colorado SNOTEL 3267 38.2933 -105.8505 
1103 Mt. Alyeska Alaska SNOTEL 469 60.9598 -149.0862 
1104 Pepper Creek Washington SNOTEL 652 46.1024 -121.9556 
1105 East Boulder Mine Montana SNOTEL 1931 45.5038 -110.0802 
1106 Elk Peak Montana SNOTEL 2316 46.4845 -110.7125 
1107 Buckinghorse Washington SNOTEL 1484 47.7086 -123.4575 
1109 Calamity Washington SNOTEL 762 45.9036 -122.2163 
1110 Rainbow Canyon Nevada SNOTEL 2414 36.2493 -115.6297 
1111 Bristlecone Trail Nevada SNOTEL 2737 36.3158 -115.6954 
1112 Lee Canyon Nevada SNOTEL 2629 36.3054 -115.6751 
1113 Tony Grove RS Utah SNOTEL 1930 41.8857 -111.5692 
1114 Garden City Summit Utah SNOTEL 2348 41.9215 -111.4693 
1115 Klondike Narrows Utah SNOTEL 2210 41.9677 -111.5971 
1116 Lakefork #3 Utah SNOTEL 2580 40.5502 -110.3529 
1117 Spirit Lk Utah SNOTEL 3120 40.8387 -110.0053 
1118 Lost Creek Resv Utah SNOTEL 1854 41.2216 -111.3595 
1119 Blackhall Mtn Wyoming SNOTEL 2993 41.0562 -106.7138 
1120 Elliot Ridge Colorado SNOTEL 3206 39.8640 -106.4246 
1121 Fort Valley Arizona SNOTEL 2240 35.2681 -111.7449 
1122 Hourglass Lake Colorado SNOTEL 2859 40.5791 -105.6307 
1123 Long Draw Resv Colorado SNOTEL 3042 40.5123 -105.7656 
1124 Moon Pass Colorado SNOTEL 3395 37.9666 -106.5584 
1125 Mormon Mtn Summit Arizona SNOTEL 2591 34.9696 -111.5092 
1127 Nutrioso Arizona SNOTEL 2591 33.8975 -109.1552 
1128 Sargents Mesa Colorado SNOTEL 3514 38.2856 -106.3707 
1129 Indian Rock Washington SNOTEL 1634 45.9908 -120.8077 
1130 Castle Creek Wyoming SNOTEL 2560 43.6748 -109.3774 
1131 Little Goose Wyoming SNOTEL 2704 44.5432 -107.1787 
1132 Soldier Park Wyoming SNOTEL 2658 44.3485 -107.0136 
1133 Pocket Creek Wyoming SNOTEL 2853 42.7121 -109.4112 
1134 Larsen Creek Wyoming SNOTEL 2743 42.5801 -109.0883 
1135 Burts Miller Ranch Utah SNOTEL 2438 40.9849 -110.8508 
1136 Toe Jam Nevada SNOTEL 2347 41.3200 -116.3400 
1138 Navajo Whiskey Ck New Mexico SNOTEL 2758 36.1773 -108.9469 
1139 Chalender Arizona SNOTEL 2164 35.2625 -112.0623 
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1140 Baker Butte Smt Arizona SNOTEL 2347 34.4555 -111.3827 
1141 Upper Taylor Colorado SNOTEL 3243 38.9908 -106.7542 
1142 Pierce R.S. Idaho SNOTEL 939 46.4950 -115.7961 
1143 Beaver Spring Arizona SNOTEL 2804 36.3268 -109.0571 
1144 Blacktail Mtn Montana SNOTEL 1722 47.9829 -114.3543 
1145 Kilfoil Creek Utah SNOTEL 2201 41.2476 -111.4125 
1146 Oak Creek Utah SNOTEL 2393 39.3485 -112.3264 
1147 Wheeler Peak Nevada SNOTEL 3085 39.0100 -114.3102 
1149 Fish Lake Utah Utah SNOTEL 2682 38.5046 -111.7669 
1151 George Creek Utah SNOTEL 2745 41.9158 -113.4116 
1156 Squaw Springs Utah SNOTEL 2775 38.4973 -112.0079 
1159 Gold Axe Camp Washington SNOTEL 1634 48.9516 -118.9864 
1160 Weminuche Creek Colorado SNOTEL 3274 37.5198 -107.3215 
1168 Taos Powderhorn New Mexico SNOTEL 3370 36.5820 -105.4561 
1169 Shuree New Mexico SNOTEL 3078 36.7878 -105.2400 
1170 Palo New Mexico SNOTEL 2850 36.4085 -105.3306 
1171 Trinity Washington SNOTEL 893 48.0747 -120.8493 
1174 Fairbanks F.O. Alaska SNOTEL 137 64.8500 -147.8000 
1182 Bettles Field Alaska SNOTEL 195 66.9167 -151.5333 
2002 Crescent Lake #1 Minnesota SCAN 299 45.4167 -93.9500 
2028 Mahantango Ck Pennsylvania SCAN 223 40.6667 -76.6667 
2029 Reynolds Creek Idaho SNOTEL 1707 43.2887 -116.8492 
2041 Mount Mansfield Vermont SCAN 682 44.5333 -72.8333 
2042 Lye Brook Vermont SCAN 742 43.0500 -73.0333 
2043 Mascoma River New Hampshire SCAN 427 43.7833 -72.0333 
2050 Glacial Ridge Minnesota SCAN 343 47.7167 -96.2667 
2069 Hubbard Brook New Hampshire SCAN 451 43.9333 -71.7167 
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Station 
Id State N 
DAV Method FD Method PR Method 
RMSE MAE Med AE r2 RMSE MAE Med AE r2 RMSE MAE Med AE r2 
946 AK 9 12.7 10.3 12.0 0.166 5.7 4.1 2.0 0.624 8.0 5.2 2.0 0.333 
947 AK 8 27.7 16.2 7.5 0.343 27.8 16.6 7.0 0.384 27.8 16.8 7.0 0.400 
948 AK 8 3.9 2.1 0.0 0.712 5.2 3.2 1.5 0.530 5.2 3.1 1.5 0.520 
949 AK 9 15.7 11.1 6.0 0.278 16.7 12.4 7.0 0.267 16.7 12.4 7.0 0.315 
950 AK 9 17.5 14.3 12.0 0.052 14.1 9.7 6.0 0.101 14.2 9.9 8.0 0.104 
951 AK 9 8.4 7.0 8.0 0.221 8.3 6.8 8.0 0.327 8.2 6.8 8.0 0.434 
952 AK 7 5.4 3.6 1.0 0.400 6.2 4.9 5.0 0.398 6.1 4.7 5.0 0.438 
955 AK 9 12.1 10.9 10.0 0.114 15.6 13.9 14.0 0.660 9.6 7.9 7.0 0.196 
956 AK 9 11.1 7.7 5.0 0.083 6.4 4.6 1.0 0.532 12.1 9.1 8.0 0.142 
958 AK 9 6.3 5.6 5.0 0.522 6.0 5.0 5.0 0.421 8.1 6.3 7.0 0.112 
959 AK 9 28.9 18.3 9.0 0.026 29.4 20.1 10.0 0.165 31.4 18.6 8.0 0.097 
963 AK 9 16.3 13.1 14.0 0.092 14.3 12.6 15.0 0.221 14.2 12.0 15.0 0.169 
964 AK 9 11.9 9.6 12.0 0.116 13.6 11.7 8.0 0.104 12.9 10.4 9.0 0.032 
966 AK 9 28.9 20.2 10.0 0.002 87.3 82.2 83.0 0.355 87.8 84.1 85.0 0.002 
967 AK 9 7.5 6.3 8.0 0.389 12.1 9.3 9.0 0.016 11.9 9.2 9.0 0.003 
1035 AK 9 7.3 5.4 3.0 0.263 11.3 9.4 12.0 0.019 8.9 6.8 3.0 0.065 
1055 AK 8 11.7 8.5 4.5 0.001 11.3 7.8 6.0 0.025 9.1 7.0 4.5 0.168 
1062 AK 7 12.4 9.1 9.0 0.568 18.7 14.1 9.0 0.026 18.9 15.1 9.0 0.060 
1070 AK 6 5.6 4.2 4.0 0.597 6.6 5.2 5.0 0.455 4.4 3.3 3.5 0.990 
1086 AK 5 12.1 11.0 10.0 0.159 14.8 13.2 13.0 0.294 11.9 10.8 10.0 0.446 
1089 AK 5 9.0 8.8 8.0 0.221 7.8 6.0 9.0 0.092 7.8 7.8 8.0 0.009 
1091 AK 5 16.1 13.2 8.0 0.008 16.7 14.0 11.0 0.010 15.7 11.6 8.0 0.026 
1096 AK 4 3.6 2.5 1.0 0.010 7.3 6.5 8.0 0.495 4.7 3.8 3.5 0.061 
1103 AK 9 8.9 8.4 9.0 0.125 6.0 4.7 4.0 0.438 7.0 6.3 5.0 0.476 
1174 AK 9 9.6 7.2 5.0 0.047 10.0 7.4 5.0 0.006 9.9 7.2 2.0 0.000 
1182 AK 9 9.2 6.1 2.0 0.227 12.2 7.6 3.0 0.033 7.6 4.7 3.0 0.353 
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308 AZ 9 20.6 16.8 12.0 0.020 21.7 19.0 17.0 0.085 18.7 15.0 12.0 0.005 
310 AZ 9 26.7 15.0 3.0 0.019 31.3 25.2 17.0 0.000 29.2 20.2 13.0 0.001 
416 AZ 9 34.2 24.4 11.0 0.056 37.1 31.2 23.0 0.037 30.9 21.0 11.0 0.032 
488 AZ 9 22.0 17.1 14.0 0.082 33.3 25.9 17.0 0.156 31.1 21.2 9.0 0.209 
511 AZ 9 38.4 25.6 10.0 0.384 30.0 21.9 14.0 0.036 33.4 21.6 17.0 0.284 
519 AZ 9 14.9 11.3 9.0 0.005 18.7 15.2 16.0 0.002 14.7 9.8 4.0 0.003 
617 AZ 9 37.6 23.9 5.0 0.357 30.0 24.1 23.0 0.059 30.0 21.4 16.0 0.009 
640 AZ 9 21.5 19.0 17.0 0.044 24.3 22.6 25.0 0.020 19.7 17.0 14.0 0.004 
705 AZ 9 24.2 16.8 8.0 0.483 23.6 17.8 14.0 0.146 23.1 14.0 5.0 0.299 
861 AZ 9 29.7 22.6 13.0 0.004 36.2 27.7 17.0 0.014 25.7 18.2 9.0 0.027 
866 AZ 9 33.7 24.1 12.0 0.038 40.1 37.4 34.0 0.010 35.0 28.6 19.0 0.025 
877 AZ 9 23.0 20.2 24.0 0.067 19.5 15.1 8.0 0.038 19.5 15.1 8.0 0.038 
902 AZ 9 32.9 20.9 6.0 0.017 30.2 24.8 18.0 0.000 27.6 17.8 6.0 0.002 
927 AZ 9 24.2 16.8 7.0 0.106 25.7 20.6 20.0 0.186 23.8 16.6 8.0 0.063 
969 AZ 9 26.3 18.9 12.0 0.328 24.4 20.3 21.0 0.311 22.5 16.4 10.0 0.271 
301 CA 9 30.7 24.6 20.0 0.039 30.3 24.0 18.0 0.056 30.5 24.1 18.0 0.049 
356 CA 9 39.7 27.1 15.0 0.011 27.5 22.2 24.0 0.017 42.8 32.6 27.0 0.064 
391 CA 9 22.5 19.0 19.0 0.179 21.2 17.6 14.0 0.153 18.7 16.6 16.0 0.275 
428 CA 9 33.9 29.0 22.0 0.022 33.0 28.6 28.0 0.426 29.9 28.4 28.0 0.000 
446 CA 9 24.6 18.9 18.0 0.070 19.0 14.8 11.0 0.234 32.8 20.8 14.0 0.083 
462 CA 9 29.3 22.6 15.0 0.031 27.7 20.1 10.0 0.654 19.0 16.0 12.0 0.419 
463 CA 9 39.8 26.9 12.0 0.110 22.2 16.0 13.0 0.511 29.7 23.6 16.0 0.008 
473 CA 9 25.3 21.9 26.0 0.768 53.0 41.0 39.0 0.127 31.1 24.1 16.0 0.344 
508 CA 9 24.7 21.0 18.0 0.222 33.6 25.4 23.0 0.035 23.0 19.4 17.0 0.085 
518 CA 9 39.5 28.1 16.0 0.017 22.1 18.8 17.0 0.365 31.2 26.3 17.0 0.000 
539 CA 9 16.3 14.8 15.0 0.320 32.8 30.6 26.0 0.335 22.9 21.0 18.0 0.346 
540 CA 9 21.5 18.4 15.0 0.068 36.7 34.7 34.0 0.271 27.8 25.3 29.0 0.138 
541 CA 9 42.7 38.3 39.0 0.011 18.3 14.6 10.0 0.146 29.1 26.6 24.0 0.221 
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574 CA 9 43.1 36.4 41.0 0.009 18.1 13.8 11.0 0.328 28.8 24.8 23.0 0.316 
575 CA 9 31.5 28.7 32.0 0.021 52.0 50.2 49.0 0.109 37.1 36.3 36.0 0.725 
587 CA 9 19.1 13.2 4.0 0.080 21.9 18.9 22.0 0.598 17.2 13.4 8.0 0.164 
633 CA 9 16.7 14.2 12.0 0.016 20.4 17.7 19.0 0.236 13.2 10.7 8.0 0.169 
697 CA 9 18.3 15.2 17.0 0.130 34.0 32.8 30.0 0.687 19.6 17.3 18.0 0.357 
724 CA 9 30.5 27.2 32.0 0.139 26.0 23.2 27.0 0.021 21.7 17.0 14.0 0.228 
771 CA 9 24.8 21.3 18.0 0.000 21.1 17.1 19.0 0.284 19.4 16.3 14.0 0.015 
778 CA 9 30.4 23.2 17.0 0.273 52.3 45.0 46.0 0.006 44.7 38.8 41.0 0.118 
784 CA 9 46.1 33.9 20.0 0.014 21.7 15.9 9.0 0.566 32.3 26.0 20.0 0.001 
809 CA 9 39.3 30.9 31.0 0.001 59.0 52.2 39.0 0.023 36.7 31.2 32.0 0.303 
834 CA 9 29.7 23.4 19.0 0.026 37.5 34.8 37.0 0.297 23.6 22.0 19.0 0.149 
846 CA 9 16.3 14.0 15.0 0.265 16.2 14.6 17.0 0.284 12.9 9.1 6.0 0.303 
848 CA 9 34.5 26.4 20.0 0.005 26.0 23.6 23.0 0.620 23.7 22.6 22.0 0.036 
977 CA 9 41.4 34.3 32.0 0.173 43.1 38.1 35.0 0.352 43.7 39.3 35.0 0.407 
1049 CA 8 22.0 18.4 15.0 0.131 34.7 32.5 32.5 0.045 23.6 20.8 19.5 0.071 
1050 CA 8 22.2 17.5 12.0 0.194 24.0 19.4 19.5 0.224 25.6 20.6 12.5 0.038 
1051 CA 8 20.7 16.6 13.0 0.161 33.1 29.2 31.0 0.184 20.9 16.8 14.5 0.087 
1052 CA 8 20.4 14.4 10.5 0.008 16.3 15.1 16.0 0.570 12.0 11.0 12.0 0.382 
1067 CA 7 22.6 19.7 15.0 0.155 30.5 27.1 25.0 0.000 26.5 23.0 25.0 0.059 
303 CO 9 20.5 15.1 12.0 0.112 27.8 22.2 18.0 0.027 20.1 15.0 11.0 0.254 
305 CO 9 36.1 31.7 31.0 0.024 23.0 14.8 8.0 0.031 17.8 15.1 15.0 0.345 
322 CO 9 39.0 36.2 39.0 0.082 16.7 13.9 11.0 0.446 30.6 27.2 33.0 0.173 
327 CO 9 20.7 15.0 8.0 0.059 24.5 22.3 25.0 0.100 20.5 17.9 18.0 0.064 
335 CO 9 37.6 35.8 33.0 0.381 28.1 23.3 23.0 0.011 25.9 21.3 23.0 0.460 
345 CO 9 34.2 30.8 32.0 0.058 17.1 14.9 13.0 0.004 19.6 16.1 11.0 0.211 
369 CO 9 19.1 14.0 16.0 0.008 21.0 17.8 19.0 0.032 16.6 14.6 15.0 0.202 
378 CO 9 13.6 10.2 6.0 0.354 25.7 22.6 20.0 0.474 13.9 11.6 9.0 0.752 
380 CO 9 12.1 8.7 7.0 0.277 21.8 21.1 24.0 0.091 17.9 15.8 19.0 0.008 
  
 
132 
Station 
Id State N 
DAV Method FD Method PR Method 
RMSE MAE Med AE r2 RMSE MAE Med AE r2 RMSE MAE Med AE r2 
386 CO 9 26.4 23.4 22.0 0.287 53.5 51.3 54.0 0.047 36.4 34.4 36.0 0.610 
387 CO 9 30.0 25.7 23.0 0.073 56.1 53.6 54.0 0.006 39.1 36.7 36.0 0.441 
408 CO 9 16.6 13.2 10.0 0.599 24.2 22.0 20.0 0.629 20.6 18.2 17.0 0.619 
409 CO 9 14.5 11.9 15.0 0.085 20.6 18.6 20.0 0.428 14.7 11.8 8.0 0.095 
412 CO 9 27.4 23.8 22.0 0.028 50.4 47.7 51.0 0.024 37.0 34.3 37.0 0.367 
415 CO 9 23.1 18.6 16.0 0.034 16.1 13.4 13.0 0.027 20.8 17.4 15.0 0.062 
426 CO 9 15.1 11.9 10.0 0.619 22.2 20.0 18.0 0.598 20.0 17.3 14.0 0.571 
430 CO 9 28.2 22.7 17.0 0.133 19.8 17.1 15.0 0.058 28.0 22.6 15.0 0.188 
431 CO 9 22.9 16.9 10.0 0.173 22.5 16.2 14.0 0.087 21.2 16.6 11.0 0.088 
438 CO 9 46.3 44.8 41.0 0.355 29.2 26.7 28.0 0.398 34.9 32.0 37.0 0.442 
457 CO 9 17.1 14.9 16.0 0.492 22.9 21.0 21.0 0.813 19.1 17.2 18.0 0.772 
465 CO 9 9.0 6.8 5.0 0.584 20.0 19.2 19.0 0.833 12.5 10.6 9.0 0.364 
467 CO 9 16.1 13.2 10.0 0.672 23.5 21.2 18.0 0.618 20.5 18.1 18.0 0.626 
485 CO 9 36.1 34.0 32.0 0.268 13.6 10.9 11.0 0.124 30.2 27.6 27.0 0.628 
505 CO 9 11.5 7.9 5.0 0.236 12.6 10.2 9.0 0.215 15.8 12.7 9.0 0.175 
531 CO 9 27.4 21.8 23.0 0.152 16.2 11.6 10.0 0.005 23.4 18.3 11.0 0.003 
538 CO 9 17.4 13.6 12.0 0.197 20.6 19.0 16.0 0.374 21.6 18.8 16.0 0.221 
542 CO 9 12.0 7.9 2.0 0.204 19.3 16.7 16.0 0.030 18.8 15.2 12.0 0.112 
547 CO 9 25.1 20.8 20.0 0.058 20.0 15.7 13.0 0.055 20.1 17.6 16.0 0.000 
551 CO 9 28.9 25.9 31.0 0.245 19.7 16.1 17.0 0.284 25.4 20.2 18.0 0.211 
556 CO 9 10.4 8.4 9.0 0.809 31.3 29.0 28.0 0.294 31.1 26.9 24.0 0.018 
564 CO 9 23.8 18.1 12.0 0.001 16.0 13.7 16.0 0.470 21.2 18.2 14.0 0.023 
565 CO 9 26.1 22.0 25.0 0.000 15.9 12.4 14.0 0.168 22.3 16.6 16.0 0.059 
580 CO 9 20.3 14.3 11.0 0.025 23.2 19.4 17.0 0.003 19.8 14.6 15.0 0.048 
586 CO 9 13.0 7.0 1.0 0.146 21.8 19.9 19.0 0.042 14.7 11.0 7.0 0.055 
589 CO 9 16.0 11.1 10.0 0.096 20.0 17.9 16.0 0.359 17.8 14.0 11.0 0.034 
602 CO 9 22.5 19.9 17.0 0.089 19.0 16.0 17.0 0.029 23.6 21.1 19.0 0.058 
607 CO 9 14.3 11.2 9.0 0.168 21.0 19.6 16.0 0.501 15.9 13.3 11.0 0.445 
  
 
133 
Station 
Id State N 
DAV Method FD Method PR Method 
RMSE MAE Med AE r2 RMSE MAE Med AE r2 RMSE MAE Med AE r2 
618 CO 9 15.6 11.2 11.0 0.209 24.9 21.9 19.0 0.261 21.8 19.0 18.0 0.303 
622 CO 9 30.8 25.3 32.0 0.308 16.5 13.8 13.0 0.000 22.4 19.1 14.0 0.006 
624 CO 9 25.5 19.6 12.0 0.468 13.1 11.4 9.0 0.020 25.2 21.0 14.0 0.702 
629 CO 9 19.8 15.6 19.0 0.096 19.1 18.3 20.0 0.003 24.7 21.4 20.0 0.534 
632 CO 9 21.2 15.1 8.0 0.122 20.7 18.8 18.0 0.034 23.6 20.6 18.0 0.612 
658 CO 9 23.9 19.2 15.0 0.155 41.4 39.8 39.0 0.225 40.4 37.7 40.0 0.018 
663 CO 9 38.2 33.1 37.0 0.016 24.9 20.3 17.0 0.215 35.6 30.9 37.0 0.027 
669 CO 9 11.7 9.3 10.0 0.564 21.8 20.2 19.0 0.741 19.6 17.3 18.0 0.729 
675 CO 9 7.3 5.3 4.0 0.692 26.3 24.6 23.0 0.492 20.9 17.8 14.0 0.401 
680 CO 9 17.2 12.8 6.0 0.013 10.1 8.8 9.0 0.055 15.4 13.3 10.0 0.093 
682 CO 9 34.3 27.8 26.0 0.114 18.4 15.0 10.0 0.035 23.4 19.9 21.0 0.027 
688 CO 9 18.7 17.1 16.0 0.300 22.9 20.0 17.0 0.640 22.8 19.9 19.0 0.345 
701 CO 9 24.1 18.6 8.0 0.230 15.0 11.8 10.0 0.058 21.0 15.7 8.0 0.151 
709 CO 9 16.3 11.6 6.0 0.186 14.2 11.0 10.0 0.519 13.0 9.2 8.0 0.477 
713 CO 9 31.5 27.3 21.0 0.190 23.6 19.9 21.0 0.120 24.0 22.1 17.0 0.000 
717 CO 9 21.9 16.4 21.0 0.022 14.7 11.8 12.0 0.202 16.0 11.6 5.0 0.207 
718 CO 9 27.7 24.0 33.0 0.003 21.0 17.0 12.0 0.096 21.9 16.9 12.0 0.092 
737 CO 9 18.8 13.8 14.0 0.104 18.2 15.8 14.0 0.090 18.7 16.9 19.0 0.006 
739 CO 9 16.2 13.7 18.0 0.542 38.2 34.6 35.0 0.050 21.2 19.0 18.0 0.542 
762 CO 9 24.1 17.7 15.0 0.062 10.8 9.3 7.0 0.058 17.8 13.8 10.0 0.096 
773 CO 9 32.2 30.0 34.0 0.241 22.0 18.3 16.0 0.046 31.5 29.4 34.0 0.271 
780 CO 9 13.6 10.0 6.0 0.306 34.4 31.2 29.0 0.182 23.6 21.0 25.0 0.114 
793 CO 9 18.7 15.3 11.0 0.465 31.0 28.6 25.0 0.329 18.9 15.8 11.0 0.454 
797 CO 9 26.7 22.8 15.0 0.049 15.4 14.0 16.0 0.249 25.4 20.1 12.0 0.161 
802 CO 9 8.9 6.9 5.0 0.611 19.2 16.1 12.0 0.153 10.9 9.1 10.0 0.561 
825 CO 9 22.9 21.2 24.0 0.487 15.0 12.4 12.0 0.489 19.4 16.2 14.0 0.368 
827 CO 9 9.0 5.4 2.0 0.576 22.4 20.6 20.0 0.479 17.0 12.8 10.0 0.523 
829 CO 9 26.8 23.0 18.0 0.180 17.9 15.8 16.0 0.076 25.0 21.0 15.0 0.264 
  
 
134 
Station 
Id State N 
DAV Method FD Method PR Method 
RMSE MAE Med AE r2 RMSE MAE Med AE r2 RMSE MAE Med AE r2 
838 CO 9 48.3 46.9 47.0 0.267 28.0 24.2 21.0 0.436 31.0 27.7 27.0 0.152 
839 CO 9 20.1 15.9 14.0 0.366 41.3 40.6 43.0 0.414 29.6 26.8 30.0 0.576 
840 CO 9 25.0 21.0 19.0 0.028 25.7 20.6 16.0 0.123 24.0 21.3 19.0 0.013 
842 CO 9 23.6 18.8 12.0 0.077 13.5 11.0 12.0 0.175 19.2 13.1 5.0 0.106 
843 CO 9 8.7 6.1 4.0 0.588 30.9 28.0 29.0 0.160 10.7 9.0 7.0 0.603 
857 CO 9 22.7 17.7 19.0 0.001 20.6 18.1 17.0 0.065 22.1 17.3 9.0 0.000 
869 CO 9 25.8 23.2 27.0 0.344 21.1 18.2 16.0 0.072 21.5 18.6 16.0 0.148 
870 CO 9 37.3 32.6 37.0 0.036 19.2 15.3 12.0 0.105 26.0 21.8 26.0 0.228 
874 CO 9 34.5 31.3 35.0 0.047 13.7 12.0 9.0 0.000 28.5 24.8 23.0 0.018 
904 CO 9 30.3 24.6 31.0 0.178 15.7 13.2 12.0 0.261 25.8 20.7 30.0 0.106 
905 CO 9 15.3 12.3 13.0 0.164 22.1 17.7 16.0 0.223 15.6 11.9 7.0 0.225 
913 CO 9 14.2 10.8 10.0 0.443 18.4 16.1 17.0 0.762 15.3 12.7 11.0 0.694 
914 CO 9 19.5 16.7 19.0 0.532 30.8 28.3 27.0 0.320 19.8 17.2 19.0 0.554 
935 CO 9 31.1 26.7 29.0 0.037 22.8 18.1 18.0 0.035 31.9 27.1 25.0 0.008 
936 CO 9 37.2 32.4 30.0 0.045 25.3 21.8 20.0 0.003 26.8 21.6 18.0 0.114 
937 CO 9 27.6 23.8 23.0 0.003 16.0 11.8 9.0 0.018 23.3 18.3 16.0 0.018 
938 CO 9 33.2 29.0 31.0 0.024 22.1 20.0 22.0 0.015 25.9 22.8 22.0 0.413 
939 CO 9 28.1 23.4 28.0 0.055 19.0 15.3 13.0 0.003 24.1 19.1 15.0 0.005 
940 CO 9 17.9 14.1 7.0 0.303 22.4 17.8 16.0 0.622 14.8 10.9 9.0 0.786 
970 CO 9 20.7 17.3 16.0 0.206 15.9 14.1 14.0 0.209 17.8 15.0 15.0 0.595 
1005 CO 9 26.9 23.4 27.0 0.127 23.4 19.6 18.0 0.675 24.4 18.7 12.0 0.502 
1014 CO 9 8.1 5.4 1.0 0.652 11.2 8.9 7.0 0.734 14.3 11.3 8.0 0.404 
1030 CO 9 23.8 19.8 22.0 0.046 18.9 15.8 13.0 0.129 22.7 19.0 22.0 0.032 
1031 CO 9 32.0 30.0 32.0 0.444 23.2 19.6 19.0 0.207 28.5 23.9 28.0 0.254 
1032 CO 9 14.1 10.1 9.0 0.324 13.9 11.2 12.0 0.311 14.2 11.3 9.0 0.450 
1033 CO 9 14.1 11.7 10.0 0.687 25.0 22.2 18.0 0.346 18.1 15.3 14.0 0.554 
1040 CO 9 14.9 10.6 6.0 0.536 24.3 21.9 22.0 0.507 21.4 16.7 10.0 0.330 
1041 CO 8 16.5 13.1 12.0 0.637 24.3 21.9 20.5 0.637 20.4 16.0 15.0 0.421 
  
 
135 
Station 
Id State N 
DAV Method FD Method PR Method 
RMSE MAE Med AE r2 RMSE MAE Med AE r2 RMSE MAE Med AE r2 
1042 CO 6 29.4 24.3 30.5 0.029 7.3 5.0 2.5 0.750 24.3 21.0 27.5 0.037 
1057 CO 7 49.9 47.0 55.0 0.020 40.7 35.7 31.0 0.294 45.4 41.3 55.0 0.168 
1058 CO 7 13.3 7.1 2.0 0.082 17.8 16.7 17.0 0.008 15.1 11.4 7.0 0.008 
1059 CO 7 13.8 10.4 5.0 0.065 20.8 19.4 21.0 0.233 15.8 13.7 15.0 0.109 
1060 CO 6 33.9 28.3 35.5 0.191 13.0 11.3 11.0 0.094 24.9 18.8 18.0 0.268 
1061 CO 7 12.0 10.6 8.0 0.227 14.3 13.6 13.0 0.072 13.9 13.0 11.0 0.078 
1100 CO 4 14.0 11.0 10.0 0.519 16.1 15.5 16.0 0.435 15.1 14.2 13.5 0.033 
1101 CO 4 8.3 6.0 3.0 0.702 22.9 21.8 22.0 0.386 23.4 19.8 18.0 0.648 
1102 CO 4 33.8 27.5 26.0 0.434 20.6 18.0 18.0 0.005 25.5 22.0 24.0 0.138 
306 ID 9 20.2 14.7 9.0 0.237 24.8 20.8 23.0 0.011 18.8 14.6 12.0 0.159 
312 ID 9 19.3 12.8 7.0 0.241 24.3 21.6 26.0 0.020 17.0 12.9 11.0 0.177 
319 ID 9 19.5 13.3 5.0 0.247 14.4 11.0 9.0 0.260 14.2 11.6 11.0 0.384 
320 ID 9 21.5 15.9 12.0 0.055 15.7 13.1 10.0 0.110 17.7 13.4 10.0 0.049 
323 ID 9 32.0 25.4 14.0 0.150 23.2 20.7 20.0 0.228 24.4 20.6 20.0 0.238 
324 ID 9 15.7 12.2 8.0 0.309 13.3 10.0 9.0 0.286 14.4 11.1 7.0 0.290 
338 ID 9 20.6 12.6 4.0 0.292 21.8 18.7 18.0 0.000 20.1 13.9 6.0 0.148 
359 ID 9 19.9 16.4 20.0 0.289 13.4 8.2 5.0 0.373 15.1 11.8 10.0 0.289 
370 ID 9 20.8 15.4 16.0 0.248 14.2 10.7 10.0 0.213 16.5 11.4 10.0 0.186 
382 ID 9 18.3 15.1 12.0 0.224 24.1 22.2 23.0 0.462 19.4 17.6 17.0 0.514 
411 ID 9 34.0 25.8 15.0 0.069 21.9 16.6 14.0 0.256 25.5 18.9 12.0 0.070 
423 ID 9 20.5 17.0 12.0 0.046 15.8 12.7 13.0 0.542 23.9 20.9 21.0 0.335 
424 ID 9 12.7 9.4 8.0 0.518 19.2 17.2 18.0 0.581 13.2 11.0 9.0 0.606 
425 ID 9 23.9 16.8 14.0 0.321 15.7 10.0 7.0 0.416 17.1 12.6 8.0 0.287 
439 ID 9 23.3 17.3 9.0 0.392 18.5 16.2 17.0 0.176 20.7 15.4 15.0 0.070 
450 ID 9 27.1 20.6 19.0 0.001 17.3 14.2 14.0 0.037 19.5 16.7 17.0 0.081 
466 ID 9 23.7 14.1 6.0 0.257 23.0 17.9 12.0 0.001 20.8 17.1 12.0 0.050 
471 ID 9 6.6 5.3 6.0 0.926 13.5 11.7 11.0 0.780 11.4 9.3 10.0 0.808 
484 ID 9 9.8 7.2 5.0 0.747 12.3 10.8 11.0 0.814 12.6 9.6 8.0 0.569 
  
 
136 
Station 
Id State N 
DAV Method FD Method PR Method 
RMSE MAE Med AE r2 RMSE MAE Med AE r2 RMSE MAE Med AE r2 
489 ID 9 10.7 7.6 5.0 0.738 26.5 23.2 22.0 0.010 21.7 17.7 20.0 0.040 
490 ID 9 25.5 19.7 15.0 0.023 14.6 10.7 8.0 0.182 15.5 11.6 12.0 0.114 
492 ID 9 15.6 12.4 14.0 0.581 22.3 19.2 21.0 0.532 20.3 16.9 14.0 0.504 
493 ID 9 18.2 16.9 15.0 0.729 24.5 23.8 24.0 0.795 20.7 19.1 21.0 0.726 
496 ID 9 19.8 15.9 13.0 0.252 28.7 25.7 25.0 0.316 25.8 22.4 25.0 0.229 
520 ID 9 27.6 20.4 14.0 0.364 24.3 18.2 16.0 0.007 26.1 17.8 10.0 0.135 
524 ID 9 17.3 11.1 6.0 0.301 19.5 16.9 16.0 0.022 17.4 13.1 10.0 0.152 
534 ID 9 22.3 18.9 16.0 0.010 24.3 19.2 27.0 0.013 22.1 17.8 24.0 0.003 
535 ID 9 18.9 14.8 14.0 0.801 22.6 19.0 18.0 0.818 21.3 18.1 17.0 0.845 
537 ID 9 9.6 7.8 5.0 0.761 13.7 12.4 13.0 0.818 8.8 7.0 4.0 0.870 
546 ID 9 17.9 14.4 15.0 0.320 24.9 23.1 24.0 0.265 20.1 18.6 19.0 0.306 
550 ID 9 22.4 16.0 8.0 0.300 20.8 18.1 16.0 0.121 19.1 14.6 11.0 0.103 
588 ID 9 16.2 11.3 8.0 0.322 21.6 14.7 8.0 0.046 19.6 14.3 10.0 0.047 
594 ID 9 24.7 16.8 10.0 0.138 17.9 13.0 10.0 0.397 24.3 19.0 14.0 0.119 
600 ID 9 35.7 27.3 18.0 0.053 25.1 18.1 20.0 0.327 24.5 17.9 10.0 0.031 
601 ID 9 25.0 19.1 14.0 0.121 17.2 15.0 14.0 0.337 15.8 12.9 14.0 0.307 
610 ID 9 17.0 14.3 15.0 0.304 11.4 8.3 7.0 0.445 12.2 9.9 10.0 0.362 
620 ID 9 29.7 23.4 23.0 0.147 24.2 20.2 19.0 0.108 25.0 20.1 18.0 0.197 
623 ID 9 21.1 15.7 10.0 0.157 18.4 13.6 11.0 0.341 20.2 15.1 11.0 0.241 
627 ID 9 38.4 31.4 35.0 0.118 28.4 21.8 18.0 0.232 31.1 23.8 20.0 0.028 
636 ID 9 12.7 10.1 10.0 0.494 20.3 18.6 17.0 0.112 15.8 13.2 14.0 0.770 
637 ID 9 17.1 12.7 10.0 0.334 18.7 15.9 11.0 0.012 12.3 7.9 2.0 0.097 
638 ID 9 15.4 10.8 10.0 0.296 18.7 15.2 16.0 0.058 16.1 12.6 11.0 0.054 
639 ID 9 12.8 9.0 7.0 0.548 15.6 13.1 10.0 0.135 12.5 10.3 9.0 0.388 
645 ID 9 21.7 15.9 11.0 0.174 14.4 8.3 4.0 0.502 19.1 12.2 7.0 0.200 
650 ID 9 26.2 20.0 11.0 0.300 21.6 16.8 13.0 0.070 17.7 13.0 12.0 0.227 
654 ID 9 18.2 14.2 15.0 0.394 22.1 19.1 15.0 0.811 20.1 17.2 20.0 0.741 
677 ID 9 23.9 22.1 22.0 0.592 29.8 26.8 28.0 0.262 25.4 23.6 22.0 0.542 
  
 
137 
Station 
Id State N 
DAV Method FD Method PR Method 
RMSE MAE Med AE r2 RMSE MAE Med AE r2 RMSE MAE Med AE r2 
695 ID 9 14.1 11.3 8.0 0.679 19.6 17.2 21.0 0.643 15.0 12.3 13.0 0.679 
704 ID 9 45.1 37.1 24.0 0.018 53.1 48.9 46.0 0.116 50.0 43.1 39.0 0.055 
735 ID 9 21.9 16.4 12.0 0.253 20.1 16.7 15.0 0.119 17.5 11.9 7.0 0.233 
738 ID 9 29.8 24.1 16.0 0.010 27.2 20.2 11.0 0.200 26.3 21.1 16.0 0.138 
740 ID 9 20.8 16.1 11.0 0.295 13.4 9.4 5.0 0.394 15.4 8.8 3.0 0.334 
741 ID 9 9.1 7.1 7.0 0.532 12.4 10.2 11.0 0.740 9.6 7.4 7.0 0.671 
747 ID 9 24.7 19.2 13.0 0.107 21.3 18.0 15.0 0.031 26.8 22.8 21.0 0.004 
749 ID 9 23.3 20.8 20.0 0.330 26.3 24.8 24.0 0.529 20.6 19.3 21.0 0.557 
752 ID 9 26.6 21.8 22.0 0.600 24.7 22.7 22.0 0.877 29.2 25.2 22.0 0.632 
761 ID 9 14.6 12.6 14.0 0.851 19.0 17.9 20.0 0.860 15.5 13.9 13.0 0.862 
769 ID 9 31.1 29.1 32.0 0.565 36.2 35.0 34.0 0.554 32.7 30.9 29.0 0.441 
770 ID 9 19.4 16.3 20.0 0.616 23.5 22.0 21.0 0.751 21.9 19.4 21.0 0.616 
774 ID 9 12.4 8.7 7.0 0.632 16.4 13.9 14.0 0.377 11.0 7.9 4.0 0.715 
782 ID 9 15.6 12.1 13.0 0.303 12.4 9.3 6.0 0.415 14.0 10.9 8.0 0.357 
792 ID 9 15.1 11.3 7.0 0.169 26.3 20.1 18.0 0.097 18.0 14.9 14.0 0.373 
803 ID 9 24.4 14.9 7.0 0.206 17.0 10.7 7.0 0.492 24.0 17.1 11.0 0.170 
805 ID 9 15.6 9.1 6.0 0.360 15.3 13.0 12.0 0.374 14.8 11.6 10.0 0.370 
830 ID 9 28.6 23.0 20.0 0.013 19.8 13.1 5.0 0.001 21.1 16.0 12.0 0.045 
845 ID 9 27.4 23.7 22.0 0.279 16.7 12.2 13.0 0.219 18.1 14.0 11.0 0.349 
855 ID 9 21.3 17.7 11.0 0.103 11.9 9.6 13.0 0.685 18.1 14.8 15.0 0.135 
860 ID 9 14.7 10.6 3.0 0.370 22.2 19.9 24.0 0.027 19.1 15.6 19.0 0.052 
867 ID 9 8.3 6.3 4.0 0.629 8.0 6.9 6.0 0.665 7.8 6.8 5.0 0.699 
871 ID 9 14.7 11.2 11.0 0.307 17.4 15.1 15.0 0.379 14.0 10.3 6.0 0.329 
895 ID 9 21.1 16.2 8.0 0.112 23.2 19.3 20.0 0.398 15.3 12.6 14.0 0.557 
915 ID 9 27.4 22.6 24.0 0.230 18.5 15.1 14.0 0.431 19.2 15.9 12.0 0.467 
926 ID 9 33.2 28.7 33.0 0.188 25.4 22.3 23.0 0.244 28.1 25.3 26.0 0.172 
978 ID 9 21.3 16.6 10.0 0.204 16.0 10.8 6.0 0.320 21.9 16.8 10.0 0.200 
979 ID 9 44.8 31.6 16.0 0.000 41.2 37.0 32.0 0.641 41.6 32.1 24.0 0.093 
  
 
138 
Station 
Id State N 
DAV Method FD Method PR Method 
RMSE MAE Med AE r2 RMSE MAE Med AE r2 RMSE MAE Med AE r2 
988 ID 9 19.5 15.4 12.0 0.046 14.2 10.7 10.0 0.132 21.2 13.7 3.0 0.079 
989 ID 9 16.0 12.7 9.0 0.623 11.8 9.7 9.0 0.799 17.2 13.9 10.0 0.573 
1016 ID 9 27.4 20.0 12.0 0.196 30.1 28.4 29.0 0.382 26.5 21.4 26.0 0.181 
1038 ID 5 22.9 15.8 10.0 0.005 26.2 19.6 11.0 0.021 23.4 16.6 11.0 0.001 
1053 ID 8 51.3 46.9 48.5 0.180 66.8 64.1 60.5 0.239 52.7 48.6 49.5 0.211 
1081 ID 5 18.4 10.8 3.0 0.402 16.3 10.2 3.0 0.455 12.0 7.8 3.0 0.617 
2029 ID 9 62.6 53.6 71.0 0.023 64.3 57.8 73.0 0.025 62.9 55.6 71.0 0.024 
2002 MN 8 28.6 21.0 15.0 0.017 34.6 25.4 18.0 0.041 30.9 22.8 18.0 0.046 
2050 MN 6 37.5 31.3 33.0 0.069 40.1 33.7 33.5 0.038 26.6 22.2 21.5 0.165 
307 MT 9 25.2 16.4 14.0 0.189 24.4 20.1 21.0 0.010 24.8 16.2 10.0 0.062 
311 MT 9 21.3 18.3 16.0 0.125 27.3 21.3 13.0 0.056 27.0 20.6 14.0 0.154 
313 MT 9 32.5 28.4 23.0 0.204 29.5 22.1 23.0 0.020 31.6 26.0 23.0 0.124 
315 MT 9 15.3 11.9 13.0 0.063 12.4 10.0 13.0 0.213 15.1 11.6 13.0 0.089 
318 MT 9 20.6 16.8 18.0 0.075 16.8 12.3 6.0 0.308 17.2 12.6 6.0 0.282 
328 MT 9 12.4 9.1 7.0 0.401 16.1 13.8 12.0 0.252 13.7 11.2 9.0 0.462 
346 MT 9 24.5 21.3 18.0 0.015 25.0 19.0 14.0 0.089 21.2 16.9 14.0 0.118 
347 MT 9 14.0 11.4 11.0 0.173 21.2 19.2 20.0 0.012 13.0 10.7 8.0 0.236 
349 MT 9 10.3 8.4 11.0 0.396 17.6 14.4 13.0 0.019 11.6 10.6 13.0 0.287 
355 MT 9 15.9 12.4 10.0 0.252 21.5 18.4 16.0 0.126 20.4 17.0 16.0 0.222 
360 MT 9 18.6 15.4 13.0 0.260 17.6 13.6 10.0 0.176 17.4 13.0 10.0 0.205 
363 MT 9 26.3 20.9 23.0 0.103 40.6 38.1 44.0 0.079 31.8 28.2 30.0 0.089 
365 MT 9 17.9 14.4 14.0 0.310 14.0 10.2 10.0 0.448 14.7 10.9 14.0 0.429 
381 MT 9 21.7 18.7 16.0 0.499 28.8 24.7 27.0 0.150 27.4 23.1 22.0 0.234 
385 MT 9 16.6 13.6 11.0 0.056 14.3 11.6 9.0 0.089 17.8 15.7 17.0 0.078 
403 MT 9 15.0 12.1 17.0 0.076 13.1 9.9 8.0 0.137 13.5 10.1 8.0 0.123 
407 MT 9 34.1 31.1 29.0 0.253 34.1 31.1 29.0 0.087 34.1 31.1 29.0 0.253 
410 MT 9 24.5 20.4 14.0 0.183 32.9 26.9 32.0 0.000 26.8 22.6 22.0 0.127 
413 MT 9 38.3 31.6 29.0 0.269 41.8 36.7 29.0 0.407 41.5 36.3 29.0 0.403 
  
 
139 
Station 
Id State N 
DAV Method FD Method PR Method 
RMSE MAE Med AE r2 RMSE MAE Med AE r2 RMSE MAE Med AE r2 
414 MT 9 8.7 6.4 4.0 0.551 4.6 3.8 3.0 0.944 4.3 3.4 3.0 0.947 
427 MT 9 24.5 17.9 14.0 0.039 17.6 13.3 9.0 0.159 18.5 13.4 9.0 0.186 
433 MT 9 21.0 16.2 14.0 0.333 26.1 21.1 27.0 0.035 24.9 19.3 14.0 0.082 
436 MT 9 31.9 25.7 23.0 0.017 28.5 23.9 19.0 0.000 31.5 25.6 19.0 0.013 
437 MT 9 20.4 14.8 10.0 0.172 21.4 16.8 16.0 0.139 20.9 15.9 12.0 0.156 
448 MT 9 11.1 9.1 10.0 0.168 13.0 11.9 13.0 0.063 13.3 12.1 13.0 0.057 
458 MT 9 18.3 14.9 16.0 0.166 23.9 17.9 15.0 0.043 22.0 16.0 15.0 0.025 
469 MT 9 21.3 16.2 15.0 0.295 25.2 20.1 16.0 0.193 24.2 19.0 16.0 0.200 
480 MT 9 21.2 15.0 12.0 0.170 16.9 11.9 8.0 0.083 18.5 12.8 12.0 0.000 
482 MT 9 16.7 14.0 16.0 0.213 17.2 15.8 16.0 0.063 15.8 13.1 10.0 0.269 
487 MT 9 10.9 8.8 12.0 0.445 13.0 10.9 14.0 0.084 9.8 7.3 3.0 0.468 
500 MT 9 20.5 17.7 15.0 0.489 33.0 25.0 16.0 0.006 22.2 19.4 19.0 0.747 
510 MT 9 31.3 22.1 17.0 0.457 36.8 25.6 17.0 0.101 33.8 23.1 17.0 0.228 
516 MT 9 15.1 11.3 7.0 0.115 18.3 14.7 18.0 0.021 17.0 12.6 7.0 0.050 
530 MT 9 22.4 18.4 20.0 0.068 21.5 17.4 23.0 0.006 22.8 19.0 20.0 0.049 
562 MT 9 44.7 39.2 40.0 0.123 53.3 49.9 49.0 0.333 50.7 47.2 47.0 0.347 
568 MT 9 25.5 22.2 26.0 0.386 28.5 25.9 27.0 0.439 28.4 25.7 26.0 0.429 
576 MT 9 16.2 13.3 16.0 0.297 17.7 14.0 16.0 0.120 17.7 14.0 16.0 0.120 
578 MT 9 12.5 10.1 10.0 0.421 17.7 14.2 14.0 0.082 16.9 13.6 10.0 0.170 
590 MT 9 17.8 14.0 16.0 0.388 14.0 10.3 8.0 0.365 14.8 12.2 10.0 0.327 
603 MT 9 30.6 28.0 31.0 0.255 26.8 22.9 21.0 0.155 25.9 22.2 21.0 0.179 
604 MT 9 37.1 35.3 37.0 0.308 41.1 39.2 40.0 0.175 39.8 37.6 39.0 0.153 
609 MT 9 12.4 10.1 8.0 0.354 19.5 17.7 19.0 0.086 12.0 10.4 9.0 0.403 
613 MT 9 30.1 26.6 25.0 0.169 40.1 34.8 29.0 0.017 30.9 27.4 27.0 0.188 
635 MT 9 19.2 15.1 15.0 0.055 16.7 14.6 14.0 0.020 15.8 13.3 17.0 0.001 
646 MT 9 33.6 25.4 22.0 0.058 19.1 17.1 20.0 0.016 20.9 17.4 22.0 0.069 
649 MT 9 14.6 11.4 14.0 0.222 18.1 14.3 11.0 0.008 12.1 9.7 10.0 0.284 
656 MT 9 25.2 20.0 24.0 0.043 23.9 18.1 19.0 0.012 25.2 19.8 24.0 0.047 
  
 
140 
Station 
Id State N 
DAV Method FD Method PR Method 
RMSE MAE Med AE r2 RMSE MAE Med AE r2 RMSE MAE Med AE r2 
657 MT 9 11.5 10.7 11.0 0.263 12.6 11.2 10.0 0.182 10.9 10.0 10.0 0.362 
662 MT 9 24.6 21.1 17.0 0.104 30.8 25.8 19.0 0.002 28.1 24.0 25.0 0.070 
664 MT 9 25.1 18.6 15.0 0.002 15.4 12.2 10.0 0.014 18.7 14.7 15.0 0.110 
667 MT 9 10.9 8.1 6.0 0.318 12.7 10.1 8.0 0.232 9.3 6.4 5.0 0.464 
670 MT 9 28.5 23.6 23.0 0.179 36.8 34.8 38.0 0.265 31.3 29.0 30.0 0.258 
690 MT 9 18.6 12.1 6.0 0.328 20.1 15.2 12.0 0.391 19.4 14.4 12.0 0.417 
693 MT 9 7.4 5.1 2.0 0.784 14.4 10.6 10.0 0.402 8.8 7.1 9.0 0.788 
696 MT 9 26.3 21.7 24.0 0.402 27.1 23.3 24.0 0.120 23.0 18.8 24.0 0.524 
700 MT 9 15.1 11.0 9.0 0.579 19.1 13.7 14.0 0.336 18.5 12.8 9.0 0.347 
722 MT 9 35.1 30.9 34.0 0.021 30.9 25.2 22.0 0.073 30.6 26.1 26.0 0.073 
725 MT 9 23.7 20.2 21.0 0.621 22.5 18.2 21.0 0.485 22.9 18.9 21.0 0.512 
727 MT 9 16.2 11.6 9.0 0.273 19.2 14.2 14.0 0.045 17.5 12.8 14.0 0.165 
753 MT 9 24.4 17.4 6.0 0.205 26.8 20.8 18.0 0.219 26.8 20.6 18.0 0.208 
754 MT 9 25.8 23.3 27.0 0.390 15.0 11.9 10.0 0.137 22.8 21.0 21.0 0.116 
760 MT 9 8.9 6.7 3.0 0.733 10.9 7.8 4.0 0.419 11.1 7.8 3.0 0.455 
781 MT 9 24.8 21.3 26.0 0.252 22.6 19.3 23.0 0.277 23.5 20.2 24.0 0.269 
783 MT 9 14.9 12.1 13.0 0.459 20.6 15.6 14.0 0.105 14.9 12.1 13.0 0.459 
787 MT 9 20.8 17.1 22.0 0.043 16.1 13.3 16.0 0.004 17.1 12.9 15.0 0.156 
813 MT 9 21.0 17.9 13.0 0.349 22.1 18.6 13.0 0.289 22.1 18.4 13.0 0.287 
835 MT 9 32.8 28.0 28.0 0.191 41.9 38.4 45.0 0.065 34.5 31.2 35.0 0.260 
836 MT 9 19.4 14.0 9.0 0.038 24.7 18.9 9.0 0.025 19.5 14.6 9.0 0.035 
847 MT 9 14.4 10.1 8.0 0.148 23.4 17.7 15.0 0.124 17.4 11.4 8.0 0.019 
850 MT 9 29.6 24.9 28.0 0.073 27.1 21.0 19.0 0.002 28.8 22.8 28.0 0.008 
858 MT 9 24.2 19.3 19.0 0.407 31.5 28.0 30.0 0.419 23.3 18.6 12.0 0.442 
862 MT 9 16.6 12.2 8.0 0.201 12.6 10.4 8.0 0.191 10.2 6.9 4.0 0.125 
876 MT 9 17.6 15.4 15.0 0.209 22.4 18.7 17.0 0.024 19.0 14.4 12.0 0.093 
893 MT 9 13.8 11.1 9.0 0.381 9.0 7.2 8.0 0.577 7.7 6.1 5.0 0.694 
901 MT 9 18.4 16.2 18.0 0.497 18.4 15.6 17.0 0.289 18.1 15.9 18.0 0.505 
  
 
141 
Station 
Id State N 
DAV Method FD Method PR Method 
RMSE MAE Med AE r2 RMSE MAE Med AE r2 RMSE MAE Med AE r2 
903 MT 9 10.9 9.1 11.0 0.382 10.1 8.3 8.0 0.463 10.9 9.1 11.0 0.382 
916 MT 9 29.1 25.6 24.0 0.229 26.1 20.9 22.0 0.107 25.0 20.0 22.0 0.142 
917 MT 9 28.1 24.4 23.0 0.005 29.1 25.3 23.0 0.013 29.1 25.1 23.0 0.017 
918 MT 9 24.5 17.9 12.0 0.008 28.2 21.4 15.0 0.028 29.2 23.8 17.0 0.069 
919 MT 9 13.6 9.4 7.0 0.432 12.3 7.2 0.0 0.389 13.1 8.1 1.0 0.372 
924 MT 9 36.7 32.8 32.0 0.061 43.6 41.4 40.0 0.186 36.4 32.0 32.0 0.042 
929 MT 9 16.3 9.6 3.0 0.349 18.5 14.2 14.0 0.468 18.3 13.3 14.0 0.424 
930 MT 9 17.2 14.4 16.0 0.414 13.7 10.1 9.0 0.314 15.6 12.2 14.0 0.470 
932 MT 9 25.2 20.6 15.0 0.045 27.8 21.9 14.0 0.066 27.8 21.9 14.0 0.066 
981 MT 9 26.2 22.0 15.0 0.022 37.8 35.3 39.0 0.191 24.2 20.9 15.0 0.155 
1008 MT 9 18.3 14.7 13.0 0.336 17.6 13.4 13.0 0.236 16.9 12.0 5.0 0.234 
1009 MT 9 14.1 12.3 13.0 0.242 13.1 11.3 13.0 0.339 12.3 9.9 9.0 0.457 
2043 NH 8 15.6 11.5 9.0 0.125 16.1 11.6 8.5 0.120 15.3 10.5 4.5 0.003 
2069 NH 8 18.7 14.9 9.5 0.067 20.0 16.4 14.0 0.133 16.0 11.8 7.5 0.003 
316 NM 9 20.2 17.2 12.0 0.011 17.2 14.8 14.0 0.005 14.7 11.4 11.0 0.011 
394 NM 9 20.4 17.8 19.0 0.116 30.5 27.9 26.0 0.138 19.8 19.1 19.0 0.238 
486 NM 9 23.9 19.9 13.0 0.047 34.8 30.8 30.0 0.235 30.5 24.3 21.0 0.125 
491 NM 9 19.1 15.7 18.0 0.000 16.7 13.7 14.0 0.003 17.2 12.8 10.0 0.003 
532 NM 9 24.1 20.8 26.0 0.007 14.0 11.0 6.0 0.249 16.4 13.3 11.0 0.343 
595 NM 9 37.6 33.9 27.0 0.313 34.3 31.9 30.0 0.573 41.3 37.3 32.0 0.159 
665 NM 9 15.1 12.7 12.0 0.279 17.0 15.9 15.0 0.208 17.4 14.7 13.0 0.044 
708 NM 9 15.2 12.3 14.0 0.188 19.2 17.3 19.0 0.432 11.6 11.2 10.0 0.146 
715 NM 9 19.0 16.3 13.0 0.001 21.6 18.6 15.0 0.003 17.4 14.9 13.0 0.000 
744 NM 9 17.0 13.9 12.0 0.068 16.8 15.1 15.0 0.111 14.2 11.0 8.0 0.025 
755 NM 9 29.4 24.3 17.0 0.002 24.2 20.0 18.0 0.054 23.7 17.9 19.0 0.032 
757 NM 9 24.7 16.3 10.0 0.000 29.2 21.7 22.0 0.059 36.1 25.7 13.0 0.291 
854 NM 9 21.1 17.3 22.0 0.007 23.9 22.1 25.0 0.086 22.6 19.1 22.0 0.019 
921 NM 8 20.6 15.9 12.5 0.015 25.8 19.9 13.5 0.110 15.1 12.0 10.5 0.156 
  
 
142 
Station 
Id State N 
DAV Method FD Method PR Method 
RMSE MAE Med AE r2 RMSE MAE Med AE r2 RMSE MAE Med AE r2 
922 NM 9 41.0 37.9 40.0 0.030 33.5 29.4 31.0 0.144 43.9 42.0 40.0 0.064 
933 NM 9 24.1 20.7 23.0 0.033 16.5 14.7 16.0 0.000 12.8 10.3 8.0 0.024 
934 NM 9 12.4 10.0 9.0 0.329 12.0 10.7 10.0 0.861 12.9 9.3 5.0 0.272 
1017 NM 9 17.7 13.2 11.0 0.039 17.3 16.2 16.0 0.092 14.5 11.4 9.0 0.011 
1034 NM 8 18.6 16.5 16.5 0.011 15.7 11.2 8.0 0.198 15.7 13.0 12.5 0.237 
1048 NM 8 21.0 18.2 21.5 0.662 21.0 17.9 20.0 0.598 16.5 12.4 12.0 0.905 
1083 NM 5 36.7 35.4 29.0 0.538 52.2 51.6 50.0 0.765 37.7 37.2 40.0 0.807 
321 NV 9 29.8 26.1 26.0 0.014 20.1 17.3 20.0 0.084 23.9 19.8 20.0 0.015 
334 NV 9 44.2 41.1 36.0 0.043 26.5 22.9 20.0 0.035 35.1 29.4 32.0 0.000 
336 NV 9 12.6 8.9 6.0 0.659 29.2 29.0 29.0 0.943 17.1 15.4 12.0 0.742 
337 NV 9 47.6 36.8 33.0 0.086 37.2 24.9 15.0 0.003 31.8 25.9 31.0 0.038 
340 NV 9 40.0 28.1 22.0 0.069 33.6 27.6 20.0 0.039 27.1 20.4 22.0 0.046 
373 NV 9 11.4 7.2 2.0 0.465 15.7 13.1 13.0 0.393 9.8 7.0 3.0 0.581 
417 NV 9 33.3 26.6 31.0 0.104 27.2 21.0 20.0 0.173 29.5 22.3 26.0 0.159 
443 NV 9 14.9 11.3 7.0 0.285 27.2 18.8 12.0 0.038 16.0 12.1 8.0 0.259 
445 NV 9 23.8 19.9 22.0 0.517 31.8 26.3 20.0 0.289 25.4 22.0 24.0 0.551 
453 NV 9 26.7 19.2 13.0 0.028 25.2 18.9 13.0 0.071 26.8 19.6 15.0 0.009 
454 NV 9 5.7 5.0 5.0 0.819 23.9 22.9 23.0 0.797 12.4 10.3 9.0 0.716 
476 NV 9 21.0 14.4 11.0 0.164 20.1 13.7 11.0 0.106 12.3 9.6 5.0 0.512 
498 NV 9 30.4 23.0 13.0 0.011 28.6 20.2 13.0 0.013 28.1 21.4 22.0 0.047 
503 NV 9 27.4 21.8 19.0 0.007 26.8 20.8 12.0 0.046 28.5 23.9 21.0 0.000 
527 NV 9 19.6 15.2 12.0 0.183 16.5 13.9 14.0 0.404 20.2 16.1 14.0 0.123 
548 NV 9 24.6 17.1 14.0 0.002 15.0 11.4 10.0 0.169 21.9 14.8 9.0 0.003 
569 NV 9 19.4 13.2 7.0 0.358 23.9 16.0 7.0 0.327 17.9 11.3 8.0 0.565 
570 NV 9 14.7 12.1 10.0 0.274 24.4 20.7 17.0 0.476 15.0 12.6 12.0 0.259 
573 NV 9 18.9 13.6 9.0 0.321 23.3 22.3 22.0 0.312 17.8 16.0 14.0 0.760 
615 NV 9 41.7 29.1 14.0 0.102 34.5 28.2 26.0 0.002 24.7 19.1 13.0 0.162 
652 NV 9 44.7 29.9 16.0 0.057 23.1 20.8 24.0 0.018 22.0 14.1 7.0 0.242 
  
 
143 
Station 
Id State N 
DAV Method FD Method PR Method 
RMSE MAE Med AE r2 RMSE MAE Med AE r2 RMSE MAE Med AE r2 
698 NV 9 31.2 25.8 25.0 0.007 16.0 13.9 13.0 0.190 25.1 18.2 19.0 0.030 
746 NV 9 13.7 10.7 6.0 0.371 26.6 25.2 26.0 0.643 16.1 13.7 10.0 0.467 
750 NV 9 52.0 47.6 47.0 0.033 57.1 52.6 61.0 0.177 60.2 54.3 51.0 0.245 
811 NV 9 25.7 22.7 24.0 0.612 37.6 33.8 35.0 0.318 28.0 25.9 26.0 0.694 
849 NV 9 33.9 23.4 13.0 0.000 21.4 17.7 13.0 0.142 19.0 14.9 13.0 0.272 
1006 NV 9 17.9 14.6 12.0 0.036 18.9 15.9 17.0 0.043 19.1 16.8 16.0 0.029 
302 OR 9 34.2 31.8 38.0 0.294 33.7 32.2 34.0 0.097 36.6 34.2 40.0 0.178 
304 OR 9 20.7 15.8 9.0 0.204 19.3 14.6 9.0 0.266 22.9 18.3 14.0 0.063 
331 OR 9 16.9 12.9 6.0 0.104 16.6 13.3 9.0 0.126 20.2 16.6 19.0 0.041 
341 OR 9 36.7 34.2 41.0 0.038 39.9 37.0 45.0 0.003 40.1 37.1 44.0 0.004 
343 OR 9 36.1 24.1 9.0 0.063 34.6 21.7 9.0 0.226 39.5 27.6 19.0 0.000 
344 OR 9 15.5 11.8 9.0 0.552 16.0 13.3 13.0 0.357 22.7 18.9 19.0 0.552 
351 OR 9 37.9 27.3 22.0 0.009 38.8 29.2 27.0 0.034 38.0 26.6 23.0 0.079 
357 OR 9 11.9 8.7 7.0 0.358 8.4 7.4 8.0 0.725 11.9 8.6 7.0 0.340 
361 OR 9 21.0 15.0 13.0 0.439 19.4 13.1 13.0 0.783 20.9 14.8 13.0 0.678 
362 OR 9 14.4 10.2 4.0 0.558 15.1 11.9 13.0 0.641 17.6 13.2 13.0 0.571 
388 OR 9 41.2 31.9 31.0 0.086 34.6 23.8 12.0 0.155 47.8 38.7 35.0 0.001 
395 OR 9 31.9 25.9 19.0 0.141 42.9 38.2 44.0 0.100 39.7 33.1 24.0 0.092 
398 OR 9 22.8 19.0 21.0 0.382 33.6 27.2 23.0 0.095 22.1 19.2 21.0 0.570 
401 OR 9 14.2 11.6 15.0 0.733 22.2 19.0 16.0 0.354 17.7 15.0 16.0 0.575 
406 OR 9 25.4 23.2 22.0 0.548 17.0 15.3 14.0 0.893 26.8 23.7 27.0 0.603 
422 OR 9 41.5 33.7 29.0 0.549 42.3 35.3 29.0 0.589 42.5 36.7 32.0 0.620 
434 OR 9 34.0 26.8 23.0 0.012 21.1 18.7 21.0 0.257 38.4 28.6 21.0 0.073 
440 OR 9 9.4 6.8 3.0 0.760 17.3 13.9 12.0 0.357 7.7 4.8 2.0 0.781 
442 OR 9 33.2 21.7 14.0 0.430 48.1 36.2 26.0 0.116 48.3 29.3 13.0 0.009 
464 OR 9 12.0 10.1 9.0 0.525 12.0 10.8 11.0 0.762 13.8 11.7 11.0 0.565 
470 OR 9 51.9 41.7 42.0 0.291 52.7 43.4 42.0 0.345 50.0 41.9 42.0 0.488 
477 OR 9 33.2 29.8 32.0 0.051 33.7 29.1 27.0 0.017 36.0 31.1 32.0 0.026 
  
 
144 
Station 
Id State N 
DAV Method FD Method PR Method 
RMSE MAE Med AE r2 RMSE MAE Med AE r2 RMSE MAE Med AE r2 
479 OR 9 29.6 15.7 10.0 0.166 29.9 16.6 9.0 0.160 33.2 21.9 9.0 0.014 
483 OR 9 36.1 27.6 33.0 0.097 35.8 26.8 15.0 0.025 45.4 36.0 33.0 0.003 
494 OR 9 20.4 16.9 15.0 0.419 26.1 22.4 16.0 0.299 26.7 23.1 21.0 0.396 
504 OR 9 23.1 16.8 16.0 0.279 21.8 16.9 18.0 0.432 25.0 20.9 26.0 0.376 
523 OR 9 22.6 17.2 13.0 0.094 22.3 16.9 13.0 0.093 23.8 18.2 13.0 0.073 
526 OR 9 28.4 17.4 10.0 0.031 19.9 16.0 12.0 0.406 39.6 29.2 11.0 0.018 
529 OR 9 53.9 44.7 53.0 0.187 55.2 47.0 53.0 0.207 52.4 45.2 47.0 0.170 
545 OR 9 58.6 51.3 51.0 0.027 50.4 39.7 45.0 0.007 38.7 31.1 30.0 0.049 
552 OR 9 27.4 20.9 21.0 0.297 27.5 22.3 21.0 0.199 28.2 21.6 14.0 0.260 
558 OR 9 45.0 34.0 21.0 0.004 44.1 32.7 21.0 0.022 48.3 38.4 38.0 0.066 
563 OR 9 26.8 21.7 21.0 0.246 33.1 24.8 16.0 0.194 27.6 23.8 20.0 0.357 
584 OR 9 44.3 36.9 34.0 0.031 51.9 41.4 41.0 0.031 47.7 40.2 41.0 0.059 
605 OR 9 20.1 15.8 13.0 0.623 22.0 16.4 13.0 0.588 20.2 16.6 13.0 0.513 
608 OR 9 53.7 39.8 20.0 0.313 54.7 40.2 29.0 0.351 53.5 39.2 19.0 0.288 
614 OR 9 57.2 49.4 56.0 0.031 56.6 48.6 45.0 0.011 55.7 48.3 33.0 0.048 
619 OR 9 36.6 25.4 9.0 0.003 24.3 19.9 16.0 0.393 35.1 24.4 12.0 0.000 
647 OR 9 21.1 15.8 9.0 0.051 21.1 16.8 12.0 0.048 21.2 15.7 9.0 0.055 
651 OR 9 63.3 55.2 63.0 0.004 61.5 53.3 52.0 0.023 51.8 44.1 40.0 0.172 
653 OR 9 31.5 27.8 28.0 0.227 31.5 28.7 28.0 0.091 34.2 30.2 39.0 0.118 
655 OR 9 44.2 34.6 34.0 0.017 42.2 32.2 34.0 0.046 28.4 21.9 16.0 0.466 
660 OR 9 31.6 18.7 6.0 0.215 44.4 35.7 32.0 0.207 35.1 23.7 12.0 0.032 
666 OR 9 46.9 33.2 27.0 0.032 50.4 39.4 30.0 0.056 27.9 20.4 10.0 0.318 
671 OR 9 24.4 15.6 7.0 0.094 28.8 22.0 16.0 0.082 22.6 14.4 7.0 0.107 
687 OR 9 25.3 20.8 20.0 0.323 32.1 23.9 18.0 0.198 17.5 15.2 15.0 0.610 
706 OR 9 60.6 53.0 36.0 0.292 73.1 62.6 59.0 0.030 60.9 55.0 55.0 0.511 
710 OR 8 41.9 38.0 38.5 0.268 70.4 61.1 51.5 0.009 38.3 35.5 34.0 0.169 
712 OR 9 41.3 29.3 10.0 0.001 43.2 32.3 37.0 0.060 41.2 29.2 11.0 0.133 
719 OR 9 40.5 30.1 34.0 0.073 35.7 24.6 15.0 0.090 48.0 36.9 34.0 0.004 
  
 
145 
Station 
Id State N 
DAV Method FD Method PR Method 
RMSE MAE Med AE r2 RMSE MAE Med AE r2 RMSE MAE Med AE r2 
721 OR 9 40.2 35.3 31.0 0.483 45.3 40.7 32.0 0.458 40.2 35.3 31.0 0.483 
726 OR 9 35.5 31.2 33.0 0.248 35.1 29.9 33.0 0.274 41.9 34.3 33.0 0.084 
729 OR 9 41.8 32.0 18.0 0.011 35.2 22.8 12.0 0.096 46.7 38.8 36.0 0.001 
733 OR 9 27.8 17.4 15.0 0.636 38.8 28.9 16.0 0.234 40.1 28.3 16.0 0.067 
736 OR 9 14.8 11.1 11.0 0.295 14.9 12.0 13.0 0.349 12.2 9.4 10.0 0.421 
743 OR 9 49.1 42.9 39.0 0.004 48.8 41.6 39.0 0.007 53.1 44.4 46.0 0.006 
745 OR 9 26.0 22.7 20.0 0.101 33.4 23.0 16.0 0.013 20.1 16.8 12.0 0.278 
756 OR 9 27.7 20.1 14.0 0.211 28.0 22.6 15.0 0.273 26.3 19.0 12.0 0.269 
759 OR 9 23.8 19.0 13.0 0.004 23.5 18.6 14.0 0.017 25.0 20.3 21.0 0.051 
767 OR 9 24.2 17.9 10.0 0.038 16.5 10.9 7.0 0.229 24.2 17.8 11.0 0.036 
789 OR 9 16.2 12.9 12.0 0.590 25.2 20.7 15.0 0.185 15.7 12.8 12.0 0.645 
794 OR 9 38.5 33.3 32.0 0.484 35.8 31.8 32.0 0.618 34.1 29.2 32.0 0.572 
800 OR 9 25.1 18.2 8.0 0.053 19.7 14.6 7.0 0.090 23.0 15.1 5.0 0.089 
801 OR 9 60.1 53.7 64.0 0.078 37.0 30.8 33.0 0.191 36.7 31.7 27.0 0.095 
810 OR 9 29.3 22.9 21.0 0.143 31.9 26.4 24.0 0.145 29.8 24.3 17.0 0.276 
812 OR 9 13.7 9.9 8.0 0.273 13.3 10.2 9.0 0.254 17.4 14.1 14.0 0.092 
815 OR 9 33.3 24.0 13.0 0.024 16.5 12.3 11.0 0.289 30.1 21.3 11.0 0.061 
821 OR 9 17.5 13.4 10.0 0.005 15.3 12.1 10.0 0.054 14.6 10.8 8.0 0.254 
873 OR 9 19.4 15.2 14.0 0.031 17.6 14.1 13.0 0.102 18.1 13.7 9.0 0.157 
925 OR 9 44.8 35.4 27.0 0.000 36.0 30.8 29.0 0.125 42.5 34.7 27.0 0.042 
945 OR 9 73.7 63.3 56.0 0.085 78.9 69.2 60.0 0.084 76.9 66.3 56.0 0.128 
1000 OR 9 32.4 25.9 19.0 0.055 37.9 26.7 18.0 0.006 27.4 22.0 18.0 0.126 
1010 OR 9 16.2 12.9 14.0 0.359 24.6 20.6 16.0 0.065 17.3 14.7 15.0 0.449 
1044 OR 8 42.3 36.5 26.0 0.155 64.6 55.6 62.0 0.008 48.9 36.9 32.0 0.043 
1077 OR 5 18.1 14.4 10.0 0.102 12.7 8.8 5.0 0.518 14.4 10.6 10.0 0.383 
1078 OR 5 27.3 24.4 31.0 0.458 20.3 17.2 20.0 0.401 20.6 18.0 20.0 0.000 
1079 OR 4 27.0 24.2 22.0 0.103 26.9 24.0 21.5 0.099 27.0 24.2 22.0 0.103 
1084 OR 5 49.6 44.4 49.0 0.347 49.6 44.4 49.0 0.347 49.6 44.4 49.0 0.347 
  
 
146 
Station 
Id State N 
DAV Method FD Method PR Method 
RMSE MAE Med AE r2 RMSE MAE Med AE r2 RMSE MAE Med AE r2 
2028 PA 8 30.3 23.8 22.5 0.072 40.9 31.0 23.0 0.143 40.9 30.9 22.5 0.146 
354 SD 9 9.3 7.3 6.0 0.788 10.8 7.7 6.0 0.734 10.8 7.7 6.0 0.734 
920 SD 9 14.6 10.8 9.0 0.111 8.5 6.4 6.0 0.298 8.5 6.4 6.0 0.298 
329 UT 9 18.0 15.4 18.0 0.000 21.0 18.4 19.0 0.452 18.4 16.8 17.0 0.013 
330 UT 9 10.0 9.0 10.0 0.919 21.7 20.3 23.0 0.763 13.8 12.7 13.0 0.872 
332 UT 9 14.7 10.7 4.0 0.642 11.8 9.9 9.0 0.853 18.9 14.0 6.0 0.350 
333 UT 9 17.8 15.9 12.0 0.654 19.8 17.6 12.0 0.555 23.5 21.0 21.0 0.392 
339 UT 9 43.0 39.8 42.0 0.010 27.7 25.4 29.0 0.278 43.2 41.1 42.0 0.069 
348 UT 9 13.2 9.1 5.0 0.310 11.3 9.6 10.0 0.699 12.2 8.8 6.0 0.242 
364 UT 9 20.0 14.3 6.0 0.140 12.2 10.0 10.0 0.510 16.3 11.9 9.0 0.128 
366 UT 9 16.3 10.7 5.0 0.252 14.5 12.1 11.0 0.771 16.8 12.4 8.0 0.306 
368 UT 9 33.1 27.1 34.0 0.018 24.6 20.8 20.0 0.019 31.5 27.0 30.0 0.032 
371 UT 9 16.8 11.9 10.0 0.255 17.1 15.4 16.0 0.295 19.6 15.6 10.0 0.091 
374 UT 9 16.1 12.2 13.0 0.226 14.9 12.3 13.0 0.342 14.3 10.6 5.0 0.368 
383 UT 9 16.6 12.3 9.0 0.117 15.8 11.9 6.0 0.431 12.0 8.9 7.0 0.278 
390 UT 9 14.8 11.6 10.0 0.190 14.4 12.3 15.0 0.712 27.2 19.0 11.0 0.005 
392 UT 9 10.4 6.1 2.0 0.681 15.8 14.1 16.0 0.535 10.2 6.9 3.0 0.697 
393 UT 9 7.0 4.7 3.0 0.826 10.3 8.1 6.0 0.701 7.2 5.1 3.0 0.771 
396 UT 9 16.0 11.3 7.0 0.122 13.3 8.7 5.0 0.195 16.3 12.6 8.0 0.064 
399 UT 9 16.5 11.8 9.0 0.200 17.0 15.4 15.0 0.478 19.4 15.7 12.0 0.093 
400 UT 9 11.1 7.4 5.0 0.587 21.2 19.1 21.0 0.598 8.3 6.4 4.0 0.821 
432 UT 9 24.8 21.3 19.0 0.457 33.3 31.8 34.0 0.584 23.3 20.7 18.0 0.608 
435 UT 9 10.3 8.0 5.0 0.829 23.0 21.6 23.0 0.708 10.3 8.9 9.0 0.848 
444 UT 9 12.7 8.8 2.0 0.345 10.6 9.2 12.0 0.762 12.1 9.6 9.0 0.232 
452 UT 9 16.4 13.0 12.0 0.423 11.7 9.3 10.0 0.231 13.4 10.4 7.0 0.033 
455 UT 9 11.7 9.1 12.0 0.831 14.7 12.4 12.0 0.827 10.8 8.4 7.0 0.833 
461 UT 9 14.2 10.8 9.0 0.066 14.8 12.8 13.0 0.622 15.8 13.6 14.0 0.029 
474 UT 9 18.1 13.3 8.0 0.040 16.4 12.8 11.0 0.124 19.7 15.6 15.0 0.084 
  
 
147 
Station 
Id State N 
DAV Method FD Method PR Method 
RMSE MAE Med AE r2 RMSE MAE Med AE r2 RMSE MAE Med AE r2 
475 UT 9 30.7 27.7 31.0 0.005 19.7 13.9 14.0 0.047 25.9 22.2 24.0 0.023 
481 UT 9 26.3 22.0 26.0 0.343 25.0 21.0 14.0 0.042 30.4 26.2 30.0 0.069 
495 UT 9 18.2 16.3 17.0 0.001 22.5 20.6 16.0 0.457 19.1 17.3 17.0 0.005 
514 UT 9 25.8 22.3 22.0 0.040 29.6 27.3 32.0 0.511 20.4 16.4 10.0 0.450 
517 UT 9 8.0 6.2 5.0 0.897 21.9 19.0 24.0 0.614 16.0 13.4 13.0 0.734 
521 UT 9 12.8 9.1 9.0 0.487 12.3 10.6 12.0 0.886 15.2 11.4 11.0 0.339 
522 UT 9 14.4 9.2 4.0 0.141 4.6 4.0 3.0 0.865 12.9 9.3 6.0 0.236 
528 UT 9 12.4 8.9 5.0 0.130 10.0 7.4 6.0 0.489 12.2 8.2 5.0 0.182 
533 UT 9 11.8 9.3 13.0 0.832 13.8 11.8 12.0 0.812 9.9 8.2 11.0 0.844 
543 UT 9 10.7 6.7 5.0 0.415 9.8 8.0 6.0 0.870 12.7 8.3 6.0 0.290 
557 UT 9 16.6 12.1 8.0 0.158 8.7 7.1 9.0 0.882 17.5 12.7 10.0 0.127 
559 UT 9 7.8 4.8 2.0 0.592 8.2 7.0 7.0 0.732 8.9 5.9 5.0 0.512 
561 UT 9 16.4 12.1 4.0 0.158 17.8 13.6 7.0 0.451 16.3 11.7 5.0 0.167 
566 UT 9 21.8 18.0 20.0 0.102 18.1 14.2 10.0 0.011 23.7 19.2 19.0 0.034 
567 UT 9 28.1 23.7 32.0 0.068 22.4 20.7 23.0 0.042 22.9 19.3 24.0 0.342 
572 UT 9 17.2 14.0 12.0 0.016 11.7 9.8 11.0 0.620 14.9 10.6 6.0 0.100 
579 UT 9 10.9 8.3 5.0 0.751 13.7 11.8 11.0 0.760 10.4 8.1 5.0 0.785 
582 UT 9 29.4 27.4 30.0 0.371 31.1 29.1 30.0 0.331 34.3 32.6 35.0 0.309 
583 UT 9 35.3 31.2 35.0 0.031 35.7 33.1 35.0 0.067 27.1 21.6 17.0 0.473 
592 UT 9 20.7 17.6 21.0 0.047 27.2 23.1 21.0 0.076 16.9 14.4 9.0 0.078 
593 UT 9 30.0 26.7 23.0 0.180 37.9 36.6 37.0 0.349 26.8 25.7 25.0 0.602 
596 UT 9 15.3 10.1 4.0 0.247 11.8 9.0 4.0 0.732 10.6 7.8 6.0 0.555 
612 UT 9 12.2 8.1 5.0 0.351 15.3 13.3 12.0 0.764 17.0 12.1 6.0 0.078 
621 UT 9 14.0 9.1 5.0 0.276 7.2 6.3 7.0 0.897 15.0 11.8 10.0 0.141 
626 UT 9 15.7 11.6 8.0 0.457 10.3 7.2 5.0 0.725 10.5 7.8 7.0 0.685 
628 UT 9 15.0 11.1 8.0 0.236 16.1 13.8 14.0 0.733 12.8 10.8 11.0 0.519 
631 UT 9 23.9 20.4 28.0 0.157 27.7 22.8 28.0 0.000 23.6 20.2 24.0 0.155 
634 UT 9 12.2 8.7 12.0 0.840 14.4 11.8 12.0 0.716 12.9 8.9 6.0 0.751 
  
 
148 
Station 
Id State N 
DAV Method FD Method PR Method 
RMSE MAE Med AE r2 RMSE MAE Med AE r2 RMSE MAE Med AE r2 
643 UT 9 14.9 9.7 4.0 0.118 14.8 10.3 6.0 0.108 16.2 11.7 7.0 0.087 
684 UT 9 15.9 12.4 10.0 0.181 17.5 14.9 15.0 0.688 14.1 12.1 13.0 0.462 
686 UT 9 16.5 11.8 6.0 0.164 9.7 8.3 8.0 0.696 16.4 11.8 7.0 0.160 
691 UT 9 22.2 15.0 6.0 0.035 12.6 11.9 12.0 0.642 18.2 14.4 10.0 0.118 
694 UT 9 17.9 13.6 8.0 0.181 12.8 9.2 7.0 0.355 21.8 14.8 8.0 0.032 
714 UT 9 15.8 9.6 1.0 0.271 14.8 12.4 12.0 0.272 15.3 10.1 7.0 0.249 
720 UT 9 8.8 6.4 4.0 0.495 17.5 16.1 15.0 0.722 12.6 11.2 10.0 0.365 
723 UT 9 20.4 15.6 11.0 0.306 21.3 16.3 10.0 0.361 20.0 15.2 11.0 0.131 
742 UT 9 22.7 17.2 11.0 0.191 18.8 16.3 16.0 0.130 23.2 18.7 29.0 0.183 
763 UT 9 9.3 7.2 6.0 0.866 20.0 18.6 17.0 0.783 12.8 10.9 13.0 0.822 
766 UT 9 39.4 33.8 33.0 0.021 23.2 20.1 25.0 0.088 31.6 25.6 26.0 0.002 
790 UT 9 29.7 28.3 31.0 0.495 24.8 22.7 24.0 0.430 33.7 32.2 31.0 0.743 
795 UT 9 9.9 7.8 7.0 0.844 22.6 21.3 22.0 0.749 10.0 8.7 7.0 0.855 
814 UT 9 11.7 7.3 2.0 0.730 13.2 11.2 10.0 0.655 17.2 11.8 5.0 0.449 
820 UT 9 15.3 11.2 9.0 0.194 19.4 16.4 14.0 0.529 21.9 16.8 16.0 0.054 
823 UT 9 9.2 6.7 3.0 0.765 12.7 10.8 10.0 0.713 8.6 6.8 6.0 0.815 
828 UT 9 24.2 18.2 27.0 0.175 16.3 14.1 16.0 0.302 20.2 16.3 17.0 0.181 
833 UT 9 14.0 9.1 3.0 0.190 12.4 9.3 7.0 0.319 14.6 10.0 5.0 0.163 
844 UT 9 10.7 7.1 5.0 0.347 8.9 6.4 4.0 0.604 14.0 10.6 8.0 0.100 
853 UT 9 16.4 13.9 11.0 0.138 26.1 23.8 30.0 0.434 16.2 13.7 9.0 0.172 
864 UT 9 8.4 6.6 4.0 0.778 16.1 14.6 12.0 0.679 8.5 6.9 5.0 0.829 
865 UT 9 22.5 18.9 19.0 0.155 18.0 14.4 12.0 0.023 16.0 14.0 11.0 0.005 
896 UT 9 12.9 11.9 11.0 0.901 19.2 18.7 21.0 0.890 15.3 14.1 14.0 0.234 
906 UT 9 10.4 7.2 6.0 0.453 10.5 7.8 7.0 0.470 14.4 11.8 11.0 0.142 
907 UT 9 18.8 15.2 22.0 0.029 23.2 18.6 14.0 0.160 15.2 11.9 10.0 0.097 
971 UT 9 16.8 11.6 4.0 0.135 15.5 11.9 12.0 0.215 18.5 14.2 16.0 0.167 
972 UT 9 17.0 15.2 13.0 0.188 22.7 21.7 22.0 0.823 20.2 18.9 16.0 0.274 
983 UT 9 13.6 11.2 10.0 0.178 18.8 17.4 20.0 0.669 13.4 11.9 10.0 0.189 
  
 
149 
Station 
Id State N 
DAV Method FD Method PR Method 
RMSE MAE Med AE r2 RMSE MAE Med AE r2 RMSE MAE Med AE r2 
1013 UT 9 11.7 9.7 11.0 0.783 16.3 15.1 15.0 0.819 10.7 9.8 12.0 0.909 
1039 UT 8 14.1 9.9 7.5 0.337 19.8 15.1 12.5 0.076 28.4 23.9 21.5 0.097 
1054 UT 7 17.2 14.9 15.0 0.050 18.3 16.4 15.0 0.100 22.4 20.3 26.0 0.037 
1056 UT 7 10.4 8.7 12.0 0.862 14.4 12.7 12.0 0.804 9.9 8.6 11.0 0.797 
1065 UT 7 21.2 16.1 14.0 0.092 19.5 13.7 10.0 0.060 9.4 6.7 2.0 0.483 
1066 UT 7 17.8 12.3 4.0 0.056 6.9 6.0 6.0 0.650 18.5 12.3 1.0 0.043 
1097 UT 4 13.9 10.2 9.5 0.667 28.6 20.5 16.5 0.222 15.5 11.0 8.5 0.519 
1098 UT 4 15.0 10.2 5.5 0.036 13.1 10.0 7.5 0.039 16.7 13.0 11.5 0.015 
1099 UT 4 23.3 18.8 18.0 0.429 7.2 6.5 5.0 0.030 17.6 15.0 15.0 0.569 
2041 VT 8 14.4 11.5 13.0 0.793 18.1 14.8 18.5 0.251 21.0 16.6 18.5 0.167 
2042 VT 4 38.9 23.2 7.0 0.907 39.1 23.8 8.0 0.849 39.1 23.8 8.0 0.849 
352 WA 9 28.7 26.0 23.0 0.693 35.1 33.2 31.0 0.709 32.5 30.3 28.0 0.727 
375 WA 9 19.3 13.3 9.0 0.078 20.6 15.4 11.0 0.214 18.4 11.3 2.0 0.147 
376 WA 9 16.7 11.7 11.0 0.319 16.1 12.3 10.0 0.183 11.6 7.8 4.0 0.235 
418 WA 9 39.0 35.6 39.0 0.436 35.6 26.2 23.0 0.384 38.0 29.8 23.0 0.462 
420 WA 9 29.0 19.0 16.0 0.623 19.8 14.0 7.0 0.876 23.5 17.1 14.0 0.752 
478 WA 9 20.2 16.8 15.0 0.086 38.7 33.4 31.0 0.004 21.2 19.0 23.0 0.041 
502 WA 9 22.8 18.9 17.0 0.112 18.9 14.7 14.0 0.220 18.7 14.9 16.0 0.323 
507 WA 9 19.1 13.8 14.0 0.003 18.2 14.0 14.0 0.107 18.3 14.0 14.0 0.028 
515 WA 9 21.8 16.4 11.0 0.443 21.3 18.6 19.0 0.357 17.5 12.3 5.0 0.522 
553 WA 9 16.8 14.3 10.0 0.779 12.3 10.8 10.0 0.866 12.2 11.0 10.0 0.857 
591 WA 9 37.6 27.2 18.0 0.224 30.2 18.9 11.0 0.214 30.5 20.1 17.0 0.115 
599 WA 9 23.6 19.2 21.0 0.363 24.7 19.0 14.0 0.517 20.8 15.1 10.0 0.607 
606 WA 9 25.6 20.9 15.0 0.215 24.1 20.7 22.0 0.372 20.9 15.3 14.0 0.190 
630 WA 7 23.7 17.6 8.0 0.124 23.0 18.7 21.0 0.326 17.9 12.4 6.0 0.247 
642 WA 9 33.4 26.1 18.0 0.397 38.4 30.1 19.0 0.138 32.9 20.3 14.0 0.375 
644 WA 9 4.7 2.9 1.0 0.825 4.3 2.9 1.0 0.831 2.8 1.9 1.0 0.938 
672 WA 9 26.8 21.2 18.0 0.391 31.1 19.8 17.0 0.345 31.4 22.7 16.0 0.307 
  
 
150 
Station 
Id State N 
DAV Method FD Method PR Method 
RMSE MAE Med AE r2 RMSE MAE Med AE r2 RMSE MAE Med AE r2 
679 WA 9 48.6 44.0 50.0 0.402 40.4 32.0 25.0 0.379 40.9 34.6 25.0 0.753 
681 WA 9 20.6 16.0 15.0 0.059 29.6 26.4 29.0 0.668 21.7 17.6 20.0 0.072 
692 WA 9 35.0 32.0 35.0 0.321 29.2 26.1 28.0 0.541 30.9 29.3 29.0 0.710 
699 WA 9 33.0 27.0 26.0 0.190 40.5 34.3 26.0 0.227 33.8 29.1 26.0 0.269 
702 WA 9 12.4 9.3 9.0 0.833 23.7 15.9 6.0 0.605 18.8 12.1 6.0 0.779 
707 WA 9 23.6 19.3 22.0 0.494 23.5 19.8 19.0 0.685 23.1 18.4 19.0 0.665 
711 WA 9 18.0 13.6 12.0 0.089 31.0 26.2 26.0 0.101 16.7 12.1 13.0 0.103 
728 WA 9 20.9 17.9 21.0 0.152 22.5 20.0 22.0 0.018 22.0 18.6 22.0 0.004 
734 WA 9 17.6 11.6 3.0 0.200 17.8 12.0 7.0 0.244 19.4 14.9 14.0 0.095 
748 WA 9 27.2 21.9 16.0 0.584 23.7 17.2 10.0 0.667 20.4 16.4 12.0 0.571 
776 WA 9 12.8 10.4 10.0 0.834 18.8 12.9 10.0 0.650 11.2 8.8 10.0 0.878 
777 WA 9 29.2 24.0 23.0 0.251 21.2 18.6 16.0 0.652 26.9 24.2 18.0 0.554 
788 WA 9 29.0 20.0 13.0 0.072 21.1 16.1 11.0 0.285 21.3 15.0 10.0 0.234 
791 WA 9 18.8 15.2 12.0 0.147 33.7 30.0 31.0 0.331 21.4 20.1 21.0 0.183 
804 WA 9 24.7 17.4 18.0 0.253 15.5 12.8 12.0 0.594 23.5 15.6 12.0 0.475 
817 WA 9 18.3 15.0 11.0 0.058 28.1 24.3 25.0 0.692 18.0 15.2 13.0 0.132 
824 WA 9 20.7 15.9 10.0 0.063 22.7 18.4 13.0 0.001 22.7 18.3 13.0 0.001 
832 WA 9 33.5 27.4 23.0 0.208 30.7 22.7 18.0 0.501 31.4 24.4 19.0 0.276 
841 WA 9 22.7 19.2 15.0 0.105 15.1 13.1 15.0 0.143 16.5 15.1 15.0 0.044 
863 WA 9 22.3 19.7 17.0 0.016 25.8 22.2 22.0 0.002 21.4 18.3 17.0 0.004 
897 WA 9 17.8 12.1 5.0 0.320 26.3 15.3 5.0 0.249 24.5 15.3 5.0 0.228 
898 WA 9 37.3 23.7 12.0 0.606 38.9 25.8 15.0 0.505 33.5 22.9 13.0 0.687 
899 WA 9 19.6 13.2 4.0 0.313 27.3 17.3 10.0 0.218 25.0 16.9 13.0 0.249 
908 WA 9 49.8 42.4 45.0 0.000 47.8 38.1 23.0 0.014 44.1 36.4 23.0 0.003 
909 WA 9 25.0 20.6 19.0 0.220 22.6 16.7 13.0 0.274 22.1 14.7 11.0 0.175 
910 WA 9 29.3 21.8 13.0 0.000 17.1 11.1 5.0 0.431 21.0 12.8 5.0 0.189 
911 WA 9 22.2 15.7 10.0 0.294 29.9 16.4 5.0 0.162 27.8 18.0 10.0 0.201 
912 WA 9 31.2 20.1 12.0 0.101 29.9 17.4 10.0 0.230 21.0 14.6 13.0 0.465 
  
 
151 
Station 
Id State N 
DAV Method FD Method PR Method 
RMSE MAE Med AE r2 RMSE MAE Med AE r2 RMSE MAE Med AE r2 
928 WA 9 57.6 47.1 37.0 0.065 78.3 65.1 62.0 0.055 64.6 52.9 53.0 0.093 
941 WA 9 45.4 35.8 20.0 0.535 48.9 35.3 19.0 0.317 55.0 44.9 31.0 0.427 
942 WA 9 21.5 14.2 8.0 0.297 29.3 14.7 5.0 0.145 30.4 17.3 8.0 0.115 
975 WA 9 33.9 28.4 28.0 0.447 47.4 43.4 44.0 0.532 36.4 33.7 31.0 0.691 
984 WA 9 23.7 18.6 16.0 0.486 22.3 17.4 16.0 0.902 25.7 20.8 16.0 0.440 
985 WA 9 83.5 78.7 79.0 0.465 88.1 78.8 86.0 0.001 85.9 79.2 84.0 0.209 
990 WA 9 23.5 17.9 19.0 0.033 25.5 17.9 9.0 0.268 24.1 20.2 19.0 0.053 
999 WA 5 36.7 27.6 13.0 0.056 15.5 14.0 16.0 0.944 15.0 14.0 16.0 0.760 
1011 WA 9 47.4 43.2 43.0 0.282 41.0 36.6 43.0 0.309 37.4 33.3 26.0 0.510 
1012 WA 9 44.1 38.2 39.0 0.258 41.7 34.9 37.0 0.353 37.3 32.0 32.0 0.344 
1043 WA 8 14.5 11.0 10.5 0.538 14.2 10.9 10.5 0.616 14.2 10.5 10.5 0.531 
1068 WA 5 17.0 15.2 13.0 0.412 18.6 16.6 20.0 0.390 15.1 11.0 8.0 0.547 
1069 WA 4 32.6 24.0 13.0 0.001 32.3 24.8 24.5 0.007 33.9 28.2 29.0 0.088 
1085 WA 5 22.0 18.6 15.0 0.724 29.0 20.6 15.0 0.085 13.1 10.4 6.0 0.825 
1104 WA 4 51.6 45.2 57.0 0.477 59.7 52.5 62.0 0.298 58.6 53.8 58.5 0.675 
309 WY 9 39.6 34.8 32.0 0.003 27.1 25.8 28.0 0.006 39.9 34.3 29.0 0.011 
314 WY 9 28.2 23.4 20.0 0.198 41.5 40.0 38.0 0.516 21.3 18.9 13.0 0.596 
317 WY 9 33.8 30.1 27.0 0.216 32.5 29.2 26.0 0.318 30.2 26.3 25.0 0.293 
325 WY 9 15.8 13.9 14.0 0.587 20.3 17.3 17.0 0.370 10.3 8.6 10.0 0.496 
326 WY 9 24.7 20.4 22.0 0.012 12.0 9.8 6.0 0.202 24.4 16.4 8.0 0.005 
342 WY 9 10.2 7.3 3.0 0.190 11.2 9.4 7.0 0.493 10.0 7.7 7.0 0.423 
350 WY 9 30.5 25.0 32.0 0.180 16.8 12.7 8.0 0.113 28.9 19.7 11.0 0.112 
353 WY 9 14.3 11.1 11.0 0.059 13.5 10.9 9.0 0.225 14.3 11.0 15.0 0.082 
358 WY 9 32.2 30.4 28.0 0.050 22.4 18.4 24.0 0.021 33.4 28.1 31.0 0.083 
367 WY 9 20.1 16.7 15.0 0.135 17.3 13.8 15.0 0.028 20.9 16.7 10.0 0.175 
377 WY 9 25.4 23.3 27.0 0.472 21.5 19.6 23.0 0.005 27.4 22.8 19.0 0.315 
379 WY 9 20.4 15.7 13.0 0.072 18.3 15.0 12.0 0.001 16.5 14.9 12.0 0.139 
384 WY 9 15.1 13.1 13.0 0.322 25.8 23.0 21.0 0.391 18.0 15.1 17.0 0.191 
  
 
152 
Station 
Id State N 
DAV Method FD Method PR Method 
RMSE MAE Med AE r2 RMSE MAE Med AE r2 RMSE MAE Med AE r2 
389 WY 9 16.1 10.1 4.0 0.367 19.7 14.9 10.0 0.148 20.1 13.9 5.0 0.151 
402 WY 9 30.6 27.4 30.0 0.069 17.2 15.0 18.0 0.278 35.2 30.8 33.0 0.045 
405 WY 9 18.0 14.8 14.0 0.492 35.0 29.3 29.0 0.096 28.3 22.3 15.0 0.002 
419 WY 9 29.6 28.3 29.0 0.611 30.5 28.8 32.0 0.291 27.3 25.3 25.0 0.405 
449 WY 9 21.8 18.2 17.0 0.160 16.8 13.4 17.0 0.392 11.2 8.9 10.0 0.696 
451 WY 9 16.4 12.9 13.0 0.386 17.5 12.8 8.0 0.367 25.8 19.2 14.0 0.206 
460 WY 9 21.4 18.4 16.0 0.300 28.5 26.9 28.0 0.442 20.6 19.0 17.0 0.619 
468 WY 9 7.6 4.9 3.0 0.772 20.1 17.9 18.0 0.010 16.8 12.8 12.0 0.169 
472 WY 9 18.4 13.6 11.0 0.157 22.1 18.6 17.0 0.056 21.6 12.6 10.0 0.137 
497 WY 9 33.2 30.7 34.0 0.337 39.5 38.6 35.0 0.742 32.0 30.9 31.0 0.683 
499 WY 9 15.3 11.6 8.0 0.592 26.0 24.4 24.0 0.426 12.5 8.2 6.0 0.319 
501 WY 9 19.0 15.9 19.0 0.443 14.8 13.6 14.0 0.410 18.0 15.3 15.0 0.497 
506 WY 9 17.4 13.6 11.0 0.064 22.0 19.3 15.0 0.323 17.7 13.9 13.0 0.383 
509 WY 9 23.0 17.9 15.0 0.284 22.0 20.1 23.0 0.671 15.1 12.8 15.0 0.753 
512 WY 9 18.4 15.6 15.0 0.271 25.1 21.9 27.0 0.367 17.6 14.8 12.0 0.096 
525 WY 9 27.9 24.2 26.0 0.203 16.8 14.6 12.0 0.338 23.7 20.2 22.0 0.120 
544 WY 9 16.6 14.6 14.0 0.012 15.7 13.2 14.0 0.117 16.7 14.3 20.0 0.000 
554 WY 9 24.4 22.3 23.0 0.382 25.5 23.6 27.0 0.432 21.9 19.9 23.0 0.453 
555 WY 9 30.7 27.8 28.0 0.226 40.0 39.6 37.0 0.896 33.2 32.8 35.0 0.883 
560 WY 9 29.6 26.2 33.0 0.098 13.7 11.4 10.0 0.150 36.3 29.4 30.0 0.001 
571 WY 9 12.4 12.0 12.0 0.778 15.4 14.4 14.0 0.818 10.9 9.9 10.0 0.872 
577 WY 9 20.1 13.3 3.0 0.150 28.8 25.0 25.0 0.013 24.7 19.9 23.0 0.121 
585 WY 9 27.6 24.6 23.0 0.002 30.2 25.4 29.0 0.083 24.8 20.8 16.0 0.247 
597 WY 9 21.7 18.7 21.0 0.412 28.9 27.1 28.0 0.530 21.0 19.2 19.0 0.667 
616 WY 7 32.2 27.0 27.0 0.015 19.9 15.0 8.0 0.052 37.4 32.3 31.0 0.104 
625 WY 9 17.7 13.7 9.0 0.356 15.2 13.2 11.0 0.356 22.3 18.8 21.0 0.337 
661 WY 9 12.5 10.4 12.0 0.444 27.0 25.4 23.0 0.291 19.2 16.8 15.0 0.428 
668 WY 9 21.2 19.4 16.0 0.167 16.9 13.6 12.0 0.245 20.8 18.8 21.0 0.146 
  
 
153 
Station 
Id State N 
DAV Method FD Method PR Method 
RMSE MAE Med AE r2 RMSE MAE Med AE r2 RMSE MAE Med AE r2 
673 WY 9 17.0 14.4 13.0 0.516 13.8 11.7 13.0 0.531 20.2 16.7 13.0 0.276 
676 WY 9 20.0 14.9 12.0 0.016 15.5 14.4 13.0 0.211 27.3 18.8 7.0 0.073 
683 WY 9 18.9 14.7 17.0 0.241 16.5 13.4 9.0 0.251 21.7 12.8 5.0 0.189 
689 WY 9 17.0 13.3 14.0 0.265 24.2 21.0 19.0 0.341 7.7 6.0 6.0 0.757 
703 WY 9 13.3 11.2 12.0 0.765 20.4 19.4 18.0 0.553 12.5 10.2 8.0 0.596 
716 WY 9 18.6 15.1 15.0 0.127 12.9 10.3 10.0 0.484 13.2 8.9 4.0 0.567 
730 WY 9 29.7 28.0 30.0 0.519 30.0 28.4 29.0 0.332 26.7 25.0 26.0 0.476 
731 WY 9 34.4 31.2 32.0 0.025 20.8 17.8 17.0 0.415 30.8 28.4 28.0 0.299 
732 WY 9 26.0 23.9 22.0 0.488 24.8 23.0 24.0 0.596 22.2 20.1 19.0 0.603 
751 WY 9 39.2 36.0 33.0 0.093 21.6 18.0 18.0 0.035 37.0 32.2 31.0 0.128 
764 WY 9 21.6 15.9 17.0 0.065 33.5 28.7 25.0 0.056 20.3 17.6 17.0 0.001 
765 WY 9 26.7 24.9 23.0 0.430 29.6 28.2 28.0 0.414 22.9 21.7 23.0 0.688 
772 WY 9 18.1 14.8 11.0 0.508 24.4 20.4 16.0 0.305 16.2 14.3 14.0 0.763 
775 WY 9 24.5 21.2 24.0 0.014 16.5 14.2 18.0 0.208 20.0 16.1 15.0 0.095 
779 WY 9 17.7 14.6 15.0 0.007 12.1 10.1 9.0 0.565 12.5 9.8 8.0 0.239 
786 WY 9 18.8 15.2 10.0 0.080 25.9 23.3 18.0 0.128 16.7 13.9 11.0 0.180 
798 WY 9 24.9 22.9 26.0 0.466 22.6 18.9 24.0 0.071 27.2 21.0 17.0 0.270 
806 WY 9 16.8 12.0 7.0 0.457 22.8 18.2 15.0 0.009 31.5 22.2 13.0 0.160 
807 WY 9 18.8 12.6 9.0 0.104 33.6 30.6 30.0 0.091 26.1 22.6 28.0 0.064 
816 WY 9 15.8 11.8 6.0 0.130 26.4 21.4 22.0 0.280 21.3 13.9 6.0 0.013 
818 WY 9 19.7 16.8 17.0 0.215 32.3 29.0 29.0 0.098 28.9 23.8 17.0 0.003 
819 WY 9 26.6 20.2 11.0 0.005 17.9 15.0 15.0 0.232 34.7 25.3 12.0 0.050 
822 WY 9 13.6 9.0 1.0 0.307 11.9 8.9 6.0 0.224 11.7 8.6 6.0 0.482 
826 WY 9 19.6 15.1 10.0 0.053 17.0 15.6 17.0 0.001 18.9 14.8 13.0 0.007 
831 WY 9 27.7 24.9 27.0 0.267 30.3 28.3 32.0 0.282 24.9 23.2 23.0 0.591 
837 WY 9 27.5 25.3 27.0 0.074 13.0 10.7 10.0 0.057 21.4 19.0 22.0 0.479 
852 WY 9 18.0 13.8 12.0 0.366 19.8 16.1 16.0 0.215 15.8 11.6 11.0 0.430 
859 WY 9 18.3 14.1 12.0 0.395 22.8 20.8 19.0 0.597 12.7 10.7 12.0 0.787 
  
 
154 
Station 
Id State N 
DAV Method FD Method PR Method 
RMSE MAE Med AE r2 RMSE MAE Med AE r2 RMSE MAE Med AE r2 
868 WY 9 26.8 24.9 27.0 0.515 26.5 25.1 21.0 0.546 21.5 20.6 20.0 0.755 
872 WY 9 9.8 8.3 9.0 0.857 15.9 13.2 14.0 0.547 12.4 9.7 6.0 0.391 
875 WY 9 27.6 20.9 17.0 0.125 47.3 43.4 40.0 0.080 41.3 38.4 35.0 0.007 
878 WY 9 23.7 21.0 21.0 0.014 23.5 18.2 16.0 0.045 28.8 23.7 20.0 0.052 
923 WY 9 25.0 20.3 26.0 0.032 15.7 12.4 17.0 0.221 21.2 16.8 15.0 0.058 
931 WY 9 18.7 15.9 13.0 0.468 16.8 12.2 8.0 0.509 27.5 20.7 14.0 0.205 
944 WY 9 16.6 13.3 18.0 0.165 16.0 11.2 6.0 0.114 13.7 12.3 10.0 0.390 
982 WY 9 9.8 7.8 11.0 0.887 9.7 7.9 10.0 0.797 9.7 7.9 10.0 0.797 
1015 WY 9 19.3 16.1 18.0 0.391 19.3 17.9 16.0 0.673 14.8 11.9 11.0 0.554 
1045 WY 8 23.1 17.8 12.0 0.001 19.9 17.2 14.5 0.008 15.3 11.8 8.0 0.139 
1046 WY 8 17.9 14.8 13.5 0.068 18.0 15.5 15.0 0.000 18.9 15.2 10.5 0.054 
1047 WY 7 22.0 20.3 21.0 0.510 31.3 30.3 30.0 0.636 20.5 19.6 18.0 0.765 
1082 WY 5 30.9 26.6 32.0 0.298 15.9 12.6 8.0 0.634 33.4 32.2 39.0 0.903 
 
